Lt pee 4' . oe ig ; i} om Pl al > 
; rfl zr oo 4 rt Ay } . M s - 
Lee «ae ea eee a, | nt H tT ea aia | st 
i i. Sa M 4 hd | y| r 4 5 je LJ +4 i} ei nal © ad + at tod L a : — [roe 
ati i } WW | 3 nity 2 i: PT EM LA | | hd UT] i 3 Re areh| i} 47 ==, [a 
oro : oy 1) ana : Hi Ki id es ; — * i ce = er st eu Ey s aI =. go } pill Ha Ke 
— - fay te eas i ; it 1} K : 2 ae. a yO 
rt iis is] ie Ky to = A a aH = 3 aim tf i fi i : =H Sam " zo ae Rt 3 + 4 : is <3 
i i a: sis a Sa Se | 
4 Ti . 4 4 FI WH = 
a Hl YW [ :' bf k 
ms fal (a ) ; ) = ~# — fat - ae 
SR 2 SS == 
Ate + 
: ; e 
TS , ; 
| 
4 fs 


y 
3-4 
+p pe 


ot 


af ae Se 
Ee a ae at 


por OWOy 


= a 3 
| 
; 
71 
— 
re 
] 


cee “i _ os re bes -_) | 
prea BIB! se . Ba aa frees fs c 


a bh ie =) rio i iB Cis «x =) Le fom jo “ watts Dale pou) 
——r S| CRON SS «RR NN CRM ee RSS Ee) | Tk Shave ~<i ame : = 
, : : + SEE 


o.: 


q' 


a | fa Cg 1808 if, } in JS 


hth 


EV, OSS IP IS SOD OD PII DO OID IO DPE 
a SR 
. 
1. 


=, 


: ' j 
.. 
sep ee Be ee ee 
es. 


SF 


Seon - 
+A A 4 2a 


; ; ; 
— Ere SS SS _ 7 7 a a a a a oe. > ~~ “e 
SP. & ae. Se eh 


: 
= 


SS on en ne ee 


a pepraanenauneramremaes € ante eS Aa, 


awa VAP AP AY AP AY AY He Ses mai tf VY AN ATA OAS ‘ea 


5 od, 


| | 
hist sore oe 


iv il, ey ie 
a) F 


mi at ete 


h. 
ne 


3500/Was 


Li 


eS 


ee 


as aeararavarate |! 
. : 


= 
~ J 
TaVa She 


oe. 


J 


Fa REN ae 


: 


k Hall Lane, 
-_— 


saab 


ry} 
a 


5- 


| 
e 
" 


9 


AS 
8 


a A aN > Ot a> 


gin 7 


6822 Oa 


ir 
EL 
WASP A we 


Wa hat Fale a Cas 


Pace 


Bie 
in ar 


(301) 9 
Vi 
a 


IF peawacmars 
i 
| Pee 
; CORSE | | 
woe | lee 
» 
r 


= ¥eu) ee 


» STA OPA 4D eee ee 


avecrat’-! 
- 
—— 


~ 4.3 wow Ja aT ee 


hn (se Oso Le LJ 8 Wah 
ey uae Sirol patratalt 


f 
! 
f A ~ at, : Ih he SS [ d 
- f oS ‘\ "4 a a ee Ne Se 4 fl ‘ a. / A J tae “oT =) 
| : \, o. < : “e @.4 et > ep > C2 Es 8 x 4 5 xxx ; , AL al Ses cael 7 43 ' ~ tax try Qn me as ine 
HH Pecos SIS atallyy gaonuaniitiog gieatenticeang jriiogiie song he HARRAH eee es ot eidep ti P SUF Cs Shot Sida Lia saa 
| a RT. ‘ OE ” > a 7 " , ( ¢ a — m:, : J } ~~ : ot | 


s}(e/ac=)/(Ocm M[a(=e|a Ble l(eke|areW.\e ©) |(exeli(e)aa\'/(e1al6(e| Aye) ml Mai foce 


Linear Data and 
Ca Manual 1985 
Volume II 


DEFINITION OF TERMS 


Data Sheet Identification ~ Product Status Definition 
. F This data sheet contains the design specifications for product development. Specifications may change 
Preview Formative or In Design in any manner without notice. 


Advance Information Sampling or Pre-Production This data sheet contains advance information and specifications are subject to change without notice. 

. This data sheet contains preliminary data and supplementary data will be published at a later date. 
Signetics reserves the right to make changes at any time without notice in order to improve design and 
supply the best possible product. 


. : This data sheet contains final specifications. Signetics reserves the right to make changes at any time 
Product Spe are Sd promuction without notice in order to improve design and supply the best possible product. 


By 


Preliminary First Production 


& 


Signetics reserves the right to make changes in the products contained in this book 
in order to improve design or performance and to supply the best possible products, 
Signetics also assumes no responsibility for the use of any circuits described 
herein, conveys no license under any patent or other right, and makes no representa- 
tions that the circuits are free from patent infringement. Applications for any inte- 
grated circuits contained in this publication are for illustration purposes only and 
Signetics makes no representation or warranty that such applications will be suit- 
able for the use specified without further testing or modification. Reproduction of 
any portion hereof without the prior written consent of Signetics is prohibited. 
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Preface 


The Linear Division, one of five Signetics divisions, is a major supplier of a broad line 
of linear integrated circuits ranging from high-performance designs to many of the 
more popular industry standard devices and custom designs. 


Employing Signetics' high quality processing and screening standards, the Linear 
Division is dedicated to providing high quality Linear products to our worldwide 
customers. Our full product line addresses the needs of the EDP, Automotive, 
Industrial, Consumer, and Communications markets. 


The 1985 Linear Data and Applications Manual Volume Ii provides complete 
technical data on our full line of interface, communication, amplifier, power 
conversion and control, and video products. Among these you will find new entrants 
such as the NE5205 high frequency amplifier, WE5170 and NE5180/5181 octal line 
driver and receivers, the DAC800 12-Bit D/A Converter, TCA520 low voltage 
amplifier, and the TDA1520 20 watt amplifier. 


Extensive Applications, Telephony, and Video sections and selector guides are also 
included in this volume. 


Volume Il is intended to be a companion to Volume |, published in October 1984. 
This present volume has a Table of Contents which contains a complete listing of all 
products in both Volumes | and Il. 


Although every attempt has been made to insure accuracy of information in this 
manual, Signetics assumes no liability for inadvertent errors. 


Your suggestions for improvement in future editions are welcome. 
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SECTION 1- GENERAL 
Cross Reference Guides 


By Part Number ............ 
By Company................. 
Index to Applications ...... 
By Part Number........... 
By Product Grouping.... 
SO Package Availability ... 
Ordering information ....... 


NOTE: 


Contents 


See Section 12 for Full Linear Product Line and Forthcoming New Products. 


SECTION 2-QUALITY AND RELIABILITY 


Quality and Reliability...... 


SECTION 3- MILITARY 


INGO sesiicvvessccecicseadantevans 
Military Products............... 
Military Process Levels ...... 
Military Errata...........ses00. 
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SECTION 4-INTERFACE PRODUCTS 


WAGON: iis cceecnines ten eeeereatenn 


Data Converters 


Symbols and Definitions 


DOIOCION GUNGG esas, peveschininsiicirdsveewitercinscesGeacdas ventweanaawawensawins decvlacucuesasuekqusaetdentscineieiuecunentianevies 
Analog to Digital Converters 
ADC0801/2/3/4/5 8-Bit CMOS A/D Converter ...............ccccc ccc cc cece ences eee eeseeseensensensenseeeseesens 
SE/NE5030 10-Bit High Speed Microprocessor-Compatible Analog to Digital 
CONVOMOL wick scdeinscans ctbtcedssds cidicivatesscincsseduawasnussUedaiwedsescdiadeabiesseendaass 
NE5034 8-Bit High Speed A/D Conwverter..............cccccccececeee eect eeeeeneceeeeseeseeeeseneeens 
NE5036 6-Bit A/D Converter, Serial Output ...............ccccccesceeseresseceeceeeecceteesnerteeseee 
NE5037 6-Bit A/D Converter, Parallel Output ...............ccceceecceeceteeeesseeeseeesseesenensens 
PCF8591 8-Bit A/D and D/A Converter ..........cccsscecccennccsnscccccncccssenscensceccssnccscunses 
PNA7507 7-Bit Analog to Digital Converter (ADC 7) .........ccccsccessnccccccnccccncccncesaccuce 
TDA1534 14-Bit Analog to Digital Converter, Serial Output..............cssscccsscssnsnnsesees 
Digital to Analog Converters 
AM6012 12-Bit High Speed Multiplying D/A Converter ................cecesceseceseeneeeeeenseees 
DACO08 Series 8-Bit High Speed Multiplying D/A Converter ...............cccsceeseeceeneeeeeeseensenenee 
DAC800 V2-Bit: D/A CONVOFIGN iscins wise cue icesaciicndevedevaatnnctinsdusdtavadesevenacesscnendessacunseve 
MC1508-8/1408-8/1408-7 8-Bit Multiplying D/A Converter.................cccccsececcneeeeseceecscceesseeensaseeneaeees 
MC3410/3510/3410C 10-Bit High Speed Multiplying D/A Converter ...............csccccssnccccusecevececeeeees 
SE/NE5018 8-Bit Microprocessor-Compatible D/A Converter..........ccsccscccscssssscscssncnens 
SE/NE5019 8-Bit Microprocessor-Compatible D/A Converter........c.cscscccccsscscscscscccenees 
SE/NE5118 8-Bit Micro-Compatible D/A Converter-Current Output ................ccceceeeeeeeeeeees 
SE/NE5119 8-Bit Micro-Compatible D/A Converter-Current Output ...............:ccceceeseeeeeeees 
SE/NE5410 10-Bit High Speed Multiplying D/A Converter ...............ccccccscceescensceesseeseeees 
NE5020 10-Bit Microprocessor-Compatible D/A Converter ............sssssssccssccccsccccoes 
NE5150 Triple 4-Bit RGB Video DAC ............sccsccscvecccccescsscnsnteccnccnscsncesccssenssnsees 
SAB3013 Six Function Analog Memory (6-Bit D/A Converter) ............sscessesescsessovess 
PCF8591 8-Bit A/D and D/A Converter ...........cccscssscsscccccscccnssccscncscccscncscenscncscnses 


*For up-to-date cross reference information, contact your local sales office. 
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Symbols and Delinltions .ic.csiiisciscccnssesscccnecscvwacseddesccvascsidevensvessuvntoeccsdesedesavesstecsssssescescassesecesss 4-138 4-72 
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NE591 Addressable Peripheral Driver............cccsecceccssccescctsceesscesscessseesesensetesoeesers 4~-166 
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PCE2110 60-Segment LCD Duplex Driver ..............ccccccseececeececeecesseeseaeseeesencsaenaeenees 4-184 
PCE2111 64-Segment LCD Duplex Driver .............cccccccscecececceceeeecescecceeeeeacnseeeseessens 4-193 
PCF1303T 18 Element LCD BarGraph Display Driver pase caiuasaeubusanden édéaatdaseadevans aeneun 4-99 
PCF2112 £. “@2-segment: LGD: Static Diver i cceicscisetecanceascscsncestrxsunyexderssesas en eeaewtaaniaes 4-201 
PCF8576 Universal LCD Driver for Low Multiplex Rates. .............scscsssssscncnsesccscenses 4-101 
PCF8577 32/64 Segment LCD Driver for Automotive ...........sscscscsccccsccssencvsccneceess 4-133 
SAA1060 LED Display/Iinterface Circuit ............cccccccscresscccrsccsnsensuscencecssccscnssaccncons 4-149 
SAA1061 1G-Segment LED: Drivel siiccccsccccscecccsseccesescovsvncncsvccadsssecccnsccsinsscaasccvesuwns 4-154 
SAA1062A LCD Display/Interface Circuit.............sessece paduetcdcacuseuunsds bucecwssteces cuss éaaes 4-159 
SAA1063 Fluorescent Display/Interface Circuit ...........cccsccescccsessscccecsence sadewstenaad ane 4-165 
ULN2003 High Volt./Current Darlington Transistor Array .............:csccecceseeeceeecnsereceenenes 4-208 
ULN2004 High Volt./Current Darlington Transistor Array ............ccccesccseesecceceseeeesecseenes 4-208 
Position Measurement 
NE5520 LVDT Signal Conditioner -ccisesscsicciciesincesdeceaseaaseds cvaieaks heavavedsdavedeeaenss ceengen’ 4-212 
SE/NE5521 LVDT Signal Conditioner .............cscccccccccsssseccccecnscscccnncssccsccneccessess peatuas 4-171 
Sample and Hold 
Symbols And Definitions .............cscceccsccssccencesccccccnscccsscsecceccccccsccnsccsccessess ‘qaeceneunsasavelesvaracescsnees 4-216 4-175 
LF198/298/398 Monolithic Sample and Hold Circuit ................cccccceeseesceeeccensceesceensseesneneees 4-217. 
SE/NE5537 Sample and Hold Amplifier ................:csccsccscseccecceccnscenseeenensenesecensenseesees 4-221 
TDA1535 High Performance Sample and Hold Amplifier .............cccccsscseccssesscnansscene 4-176 
SECTION 5 - COMMUNICATIONS | . 
WOK iv cccnscuscaccuhevnbadenevencGieua duane tevalucasuacevrsnssNeeducssWievauenusstipudasnwinecstanscsemanetnucebetacsaesausssaednekede 5-1 5-1 
Analog and Audio Processing 
NE570 GOMDANOON So os5:ssi iaccweasivos ccadney ialeueean iets swih iednes ecaducuuawuedaaieasd aacuneneadaaseanvaes 5-3 
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Audio/Stereo 
LM1870 Stereo Demodulator with Blend ..............cccccce cess ceeseeeensereeseerennes aidedaiadstuts 5-15 
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INtFOGUCTION.....00.0scccssecccscosccccccccdcccccssccecceccnvcessnsecensentcusscnnccvunsunnanscnsecsranesnestecnencevecscanscencosceses 5 - 266 
MAB84XX Family Single-Chip 8-Bit Microcontroller ..........ccccsccccsesecnsccncssccccsnerenncenenenscenenes 5 = 267 
NE5036 6-Bit A/D Converter-Serial Output ..............ccceccessceeeseeeerneeeeeerenseesseereeeens 4-17 
PCD8571 TK: Serle FRA isiccess cca lade ricdiacccecsavivessweasedaiaiavectotiuvatcdoveseseacusiwessdinsceee’ 8-17 
PCF2100 40-Segment LCD Duplex Driver .............cccccceceeceeeeeeeeeeeeesseeeneeeeeeeaseetseeeees 4-176 
PCF2110 60-Segment LCD Duplex Driver ..............cccece sees ee eeeeeeeeeeeeeeneeeeeaeeeeseeeeeees 4-184 
PCF2111 64-Segment LCD Duplex Driver .............ccccccceseeeeceseeeeeeseeeneseeneessseesteseenee 4-93 
PCF2112 32-segment LCD Static: DriVer visas sips ciaccacensatsleviatrds deaelessangtubics tes setiontee sees 4-201 
PCF8200 CMOS Male/Female Speech Synthesizer ................ccccecssecsenscensenececneseces 5 — 286 
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PCF8570/70A 256:-X BS StOtic FAW wiccsiscsiccrivccaccscecwcncsuncewedansanevisctectvesseosuassavcuaasessesses 8-5 
PCF8573 CLOCK THIN Ol ccasiuaccatsnnatncestadncueeongsteunssatianasabeusucneas Cetaecanessusdeddedeewteonies 5 — 208 § - 597 
PCF8574 8-Bit Remote 1/0 Expand ..........sccscssscscccsscccsccccencssscenscescncesncssccesnesscs 8-28 
PCF8576 Universal LCD Driver for Low Multiplex Rates ..........ccessccocsecccceccenscceveces 4-101 
PCF8577 32/64 Segment LCD Driver for Automotive ...........cccscassscsssccscnscccncescssens 4-133 
PCF8591 8-Bit A/D and D/A Converter ..........ccseccscccssccsccvessnssccessccennscencenccssccsees 4-10 
SAA1057 PLL Radio: TUNING CWCUIE iccicscdescscieiscietievecssvacdscssnsecsesbavesseatecwanvecensoses 5-81 
SAA1060 LED Display/Interface Circult........cccsscscssscnssccsecsecsscnssssecrcauseccssencsccesense 4-149 
SAA1061 16. Segment LED Drivel avisscccssiscacaeciccacdsiicnecebvnieandincdaesonscienrseaseeuasteats 4-154 
SAA1063 Fluorescent Display/Interface Circult ...........ccssssssscsnsccsssscsscececcssenssaveeses 4-165 
SAA1300 Video Switch (5-Output Switch)............cccssscsccecccsccessscccescsccssccsccsccsnssens 8-40 
SAA3028 FR ROCOIVON vices csteciesiedscadwceccosvsndech cnwadacenwaveqdeseusnesscsecussavavunisxeucetaenes 5 = 232 
SAA5240 Microprocessor-Controlied Teletext Circuit..........scssssscesescssncesscesscensnsesens § - 541 
SAB3013 Six Function Analog Memory (6-Bit D/A Converter) .........ssccccesssssssssssesens 4-51 
SAB3035 FLL TV Tuning Circuit (Eight D/A Converters) .........cscssssscssesccssescencseuees 8-3 8-54 
$AB3036 FLL TV Tuning Circuit (No D/A Converters) ..........ccccssscesesenacnsesenececenses 8-19 8-70 
S$AB3037 FLL TV Tuning sgh toa (Four D/A Converters) .......sscsscscsssssscccccsencssencesace 8-35 8 - 86 
SAF3019P Clock/Timer with I7C Interface ..........cccccsssssccsescosseesssccnsseceseccsseseusensnees 5-198 §-615 
TDA1534 14-Bit A/D Converter-Serial Output ...........sccssccsscscsnssesccencensscoscoscncescuses : 4-19 
TDA1540P, D 14-Bit D/A Converter-Serial Output ...........cccsccccscsccsseseccesscsncesccceseceucsenes 4-98 — 4-63 
TDD1742T CMOS Frequency Synthesizer (LOPSY)...........ccsssssccssssccsssssnessenscsnenensaces 8-103 
TEA6000 FM IF System and Computer Interface (MUSTI) Circuit ..............scesssscseees 5 ~ 197 

Speech Synthesis | 
MEAS8000 SHOSCH: SVMMOSIZON isi ccssisececaves cccesciece catsekeischnoeaedussncursedscnneviutearexssneexe 5-159 5-270 
OM8000 Speech Evaluation P.C. Board.........sscscscscessscncnnnsnncccccesscccescccessnenenssesees 5 = 283 
OmMs8001 SPeEOCh DeMoONnstraton oasiccccccccesswvcccscaceccccceccaccecsvovevsesccinsecseescvavacceesseses § - 283 
OM8010/8011 Speech Encoding System..........ccsssccoscsesccscrscsccsccsccncssccccsassccssesccsescseces 5 ~ 284 
PCF8200 CMOS Male/Female Speech Synthesizer sischc peg italeneanuevessususetusoadee suueeaeeas 5 - 286 

Telephony 
PCD3310 Pulse and DTMF Dialer with Redial ..............scsscescesccenss ie esesvasusesbacsieeess § - 302 
PCD3311/12 DTMF/MODEM/Musical-Toner Generators. ..........cesccscccnccccesscccccssenccccersues § - 304 
PCD3315 CMOS Redial and Repertory Dialer......... sce saunanewis Sousa xacudeunassuasissioleameses 5 - 321 
PCD3343 CMOS Microcontroller for Telephone Sets ...........csccescesccccnenceccesseescencenes 5 - 323 
PCD3360/61 Programmable Multi-Tone Telephone Ringer ............sccccsssscsescessscecensecees 5 - 363 
PM4300/4337 Microcomputer Development System for MAB8400 .............sssssssssesrsereseee 5-377 
TEA1042 Transmission Interface with Loudspeaking Facility............cssscsscscsescsencsees 5-378 
TEA1046 Transmission Interface with DTMPF..........cscccssccsscccessssccceesccccnccencvensssceeas 5-172 ‘5-391 
TEA1060/61 Telephone Transmission Circuit with Dialer Interface ............sssssccssesesesens 5 - 404 
TEA1067 Low Voltage Transmission IC with Dialer Interface...........csscscesssscneenesnens 5-418 
TEA1075 DTMF Generator for Telephone Dialing ..............cccsccscsssenncnccnnsensccsnscseens § - 420 
TEA1080 Supply IC for Telephone Set Peripherals.............cscsescccnscncccccccsensccuscnecen 5 - 431 
SA/NE602 Double-balanced Mixer and Oscillator (Cellular/Portable for Telephone)..... 5-22 | 5-3 
SA/NE604 Low Power FM L.F. System .......csccsccssccassscecsusecscessccecscnccscnsccnssccescesesses 5-24 5-5 
TDA7000 I FRAO CHUNG saci sints cites dd ecnavsnwsccdandanswssdewsudaseVeswadeoneansasoatcethesudiceseun 5-86 | 5-169 
TDA7050T Low Voltage Mono/Stereo Power Amplifier (for Cordless Telephone) ....... 6-72 

Television (For Television IC's see Video Section) 

Videotex/Teletext 
Explanation Of Terms —.....cccssscccccecscrscccscscnsceccccscecssenenscssssassnenenensonsesensenssecneuseussosseusseasanenes 5 ~ 432 
SAA5025D Teletext Timing Chain for USA 525 Line System. ............ccsccccsccsssceccuscees § = 433 
SAA5030 Teletext Video Processor .........sscscccsccccccasncscncececcscescnscsesssanscnensssesenenuss 5 — 226 5 - 450 
SAA5040 Teletext Acquisition and Control Circuit ...........cccccsssseseccensscnccsencescessenees 5 — 236 5 ~ 460 
SAA5045 Gearing and Address Logic Array for USA Teletext (GALA) iespaveawareevavanal § - 479 
SAA5050/55 Teletext Character Gernerator.............csscscsssccensescsscscsnencccsenececsccecesensaees 5 - 255 5 - 486 
SAA5070 | Microcomputer/Microprocessor Peripheral for Viewdata (LUCY)................ ‘5-503 
SAA5230 Teletext Video Processor ..........ccccescccsssssssecesseesensssseseeneeceenenseeeeeneneeeen _  +§=532 
SAA5240 European Computer Controlled Teletext Circuit (EURO CCT) ..........-cccsssee 5 - 541 
SAA5350 Single-Chip Color CRT Controller (EUROM)..........c..csscsessseseuserenensecsteneess 5 - 567 

Timers . 

PCF8573 CIOCK/ COLON iain coeds ed ctdccccldwaweusvessesabuacticbdnchis sensesucoenuseauvaccesuddhoenases 5 ~ 208 5 - 597 
SA/SE/NE556/-1/ Dal THER ois sever tel sakes casazatityuanwi everest iieed acne dabestiheulreiniess oltaaasnumereriss 5-190 

SE556-1C 

SA/SE/NE558 Chad TAVION 5c i ed ers cp ec hes ede ewe aataee cia t ose weearhqnts uses sow baseewee enor eens 5-195 . 

SAF3019P CIOCK TUMOR x ciitenses Seisacseseczeetcciencavacetentwaneveunssededsenewasdesinceddecedsaddespanees 5-198 5-615 
SE/NE555/SE555C PURIOR sence ea etait n caeentk ee oe seeoeaianadee tare sor a A iiscsumeancn musa Malie Manecetepeaae 5-185 
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Compact Disc - Digital Audio 
SAA7000 Compact DIse: CUCU civcscicicvcessevisstrsstevsevewsessceedscsencieeeuncesscesecoenseseues 5 - 625 
$AA7010 Demodulator for Compact DISC............cccccssscesscussccscccesncesscssnccennsessenaces 5 - 635 
SAA7020 Error Corrector for Compact DISC ...........sscccccscsccccsccensscnscoscccccccnsenssccecs 5 - 647 
$AA7030 Filter Circuit for Compact DISC ............sscccssscscsssccuccnconsnnssccuaneuseususescuces 5 - 660 
Music Synthesis 
SAA1099 Microprocessor Controlled Stereo Sound Generator 
for Sound Effects and Music Synthesis ...............ceccescccssnssccessscnencenseees 5 ~ 668 
UAA2183 Sound Generator IC for Organs .........ccccsscscncnssnccccnssccsccncensceuscenccenecsanee 5 - 683 
PCD3311/3312 DTMF/MODEM/Musical Tone Generator ...........ssccsecsecsccsccccsccesesenensssessens § - 304 
SECTION 6- AMPLIFIERS 
Tg (0 |<) Gann Paar Pe ger ere OC eS Sen re ee ore ee ee ey eee meee ee rene rr ner etry 6-1 
Companding 
NE570 GOMPANGOR seg 2is cides sets edness tocreteivieiy eiecsaes can lysaknee dad iisadess caw saseees eae box 5-3 
SA/NE571 COMIDAINGOR 42a cavcee cate haccicrcoacilses ven unadt navi wan vwennad ona tetas Gates nse aE 5-3 
SA/NE572 Programmable Analog Compandot ...............cccccessee ences eeeeteeeeeaeeeseeeeneeseeees 5-9 
Operational 
SYMONS BNE | DOTIMINONS asco acarecuucncocss ventenas Bese nacia sen wage became wwe rune tAeenenadwans senate sacevade Wreeuasauveusanews 6-3 
SOIOCLOR GUNG occ earch gece wdaceclce ae atecs ceatadin a cniwatce dau Voi aes a bamae ors aw wed a asee Renee ns aa dbs Sud Me eee eRe woaet 6-4 
LM124/224/324/SA534 Low Power Quad Operational Amplifier ................cccccessceeesccceestecescceeeeenees 6-5 
LM158/258/358 Low Power Dual Operational Amplifier..................cccccecceeccecceeecsccceeteseeeters 6-9 
MC/SA1458/MC1558 General Purpose Operational Amplifier ................ccccsccceseececceeseeesseesseeeseeens 6-13 
MC3303/3403/3503 Quad Low Power Operational Amplifier ...............cccsceesneseeecteseeeeeeseesseseeeons 6-18 
SE/NE4558 Dual General Purpose Operational Amplifier .................cceesceeceesceeeneeeeseeeees 6-22 
SE/NE530 High Slew Rate Operational Amplifier..................ccececeeseeeeeeeeeeeceneeneeaeeseeees 6 - 26 
SE/NE531 High Slew Rate Operational Amplifior................cceese cece eee ence eee eeeeneeteeeseneees 6-31 
SA/SE/NE532 Low Power Dual Operational Ampplifier.................ccccccecsceecceeeceenseesetesetsaees 6-9 
SE/NE538 High Slew Rate Operational Ampplifior.................ccceeeecee econ eee eeeneeeeeneeeeneneene 6-38 
SE/NE5512 Dual High Performance Operational Amplifier ................ccceceee eee eeeeeeeeneneeenens 6-44 
SE/NE5514 Quad High Performance Operational Amplifier ................cccceccceeseeenseeneeenereees 6-46 
SE/NE5532/A Internally Compensated Dual Low Noise Op Amp............:ccceccseeseeeseeseeteeees 6-48 
NE5533/A/SA/SE/ Single and Dual Low Noise Operational Amplifier .................ccccseeeeeeeeeeeeenees 6-59 
SE/NE5535 Dual High Slew Rate Operational Amplifier...................ceeecceeseeeneeeeeneeerseees 6-65 
TCA520B,D Operational Amplifier (Low Voltage) .............ccesceeceseneceeceeenseneeneeeeseneeeernets 6-73 
pA741/741C/SA741C General Purpose Operational Amplifier ................ cece cece renee eee reeeeeneeeeeeeeeee 6-79 
wA747/747C/SA747C Dual Operational Amplifier ................ccceccce ccc ceenseeeeseeeeeeseeetegeeetsaeetseeeeenes 6 - 84 
Power 
OM200/S2 Hearing Ald AMOUNG isiccscdcdsdacsiidecesensecinevedecdicdssestcdacseddesssvacasccacettatecs 6-3 
TDA1010A GW Audio AMpltlel vcscccsccvscscssvicdsivecnceccseesecessacuccconsceetcnesdvesenadsecséeckencs 6-8 
TDA1013A 4W Audio Amplifier with DC Volume Control ..............ccecsscccenscveccsvencceces 6-90 6-20 
TDA1015 1:10: 4W AUGIO AMPUTOR ccs iasincisvevsnciicnciesvenvewsvdcwsdasedeckcessvavenstasveceeuiears 6-24 
TDA1020 1QW AUGIO: AIMPUNOE scisscueccvicecasescdececcesccccosvdvsvacssauctecvesineverceiaccacsvacdess 6-34 
TDA1510 2:50 T2W AUG. AMpDUMON vissisccciccsisie cukcccnctvasesecencvseaedusatiisscceusdeessctdedcatses’ 6-39 
TDA1512 12 x 2OW AUCGO: AMDINIO! oiiiciscsscicisctsnccudsccdcinciesncesdeesciiesencexcdscccaacwecces 6-45 
TDA1515 ZAW BIL. AUGIO- AMplitlel vicsicccsccnsscssnccseckccssscundsccssetesddscovenctecseesnvescacsns 6-94 6-51 
TDA1520A 20W Hi-Fi Audio Amplifier ...............s.ssesee ccadeneddae casabdcussceuacisesbarsaaetauste 6-100 6 - 57 
TDA2611A BW AUC Output fOr TV viscsscsesedeccccstnecscsdnsvececacucedeccsveenccanstsscuareunccacans 6-63 
TDA7050T Low Voitage Mono/Stereo Power Amplifier (for Cordiess Telephone) ....... 6-72 
Transconductance 
NE5517/A Dual Operational Transconductance Amplifier ................cccccceeeeeeeeeeenseeseneeues 6 - 106 
Video | 
NE5205 ~ Wideband High Frequency Amplifier ............cscssseseccassccenccsscscssssssnsccensee 6-76 
SE/NE5539 Ultra High Frequency Operational Amplifier ................ccccceeceeeeceeeeeeeeeseneneees 6-118 
SE/NE5592 VIGGO -AMDIMGR ssisscn cask tein cee tentdieee ecaneinktawiwbaaeeenenee bats ards tebe sewansade sted 6-125 
SE/NE592 Vid@O; AMpINIOT even cccseetest ieencd's eerdencsanse cic ecdeswss wade ce Gus dna sean ciiaeeiasg ieimeass 6 - 130 
pA733/C Differential Video Amplifier .................ccccccscceecncccenseeneeeseeeeensceensaeteeseeeseaes 6 - 137 
SECTION 7-POWER CONVERSION AND CONTROL 
WOON wired ovigiatee eso setro la chun iee Maw sricgeapctnsa eh det iain eitanh cans ance daeunepat nays tama te stata nsbeatsatestes st uidad ev eeaene yes 7-1 
Motor Control and Sensor Circuits 
HEF4752V AC Motor Control CuUrcule i iuics csccncsccnsini sa teateccctcavaiisveesesvtastenncewcteatenaencns 7-3 
NE5044 Programmable Seven Channel RC Encoder.............cc:eccesseeececeecenaseeneeeeesens 7-3 
NE5045 Seven: Channel (AG Decoden ivcssacs pecans es Sete tle eae 7-9 
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NE544 SONVO AMOUNOl sree i oi Sting ae sionals cata tad ee cakana ied teu lanier etieeiaaneeaeeusre reed yieeavas 7-14 
SAA1027 Stepper Motor Driver ..........::sccccccccccessseeeeccceecceusseeccecesseseeseauunseveseesessesas 7-19 
TDA1506 Motor Regulator and Function Controller ..........csssssssssssseseucesessessennes wise 7-6 
TDA1559 Motor Speed Regulator .........cccsssesscsscccccsccsscenccsccsscesceacescsaccescssosscecsouss 7-17 
TEA1012 Stepping Motor Control Circuit ...........sccccssscsenscccecsccessccscccvecssecatncunenses 7-24 
Switched-Mode Power Supply Circuits: 
SE/NE5560 SMPS Single-ended Monolithic Controller ...........ccccceecccceeseeccsseuseeseeerasseavecs 7-25. 
SE/NE5561 SMPS: LOW COSt COMWONOF oicciiadncislreee dant iiantanepeanes de cndedewase cians teiee wapaees 7-38 
NE5562 SMPS Control. Circuit, Single Output ..............ccecceccecseeeeeeeseceseeeeessecneeeeenens 7-42. 
NE5568 SMPS -COntOnen gatas sect cas tecaniewar eee escie ike pe sicaeerenckan eee asieaniashanecaetoontexe 7-46 
SG1526A/2526A/3526A SMPS Control Circuits ........ ce eerseeteereeeeeeeeeeeeeeeesteeeereeseeeeeeeseeess 7-48 
$G3524 SMPS Push-Pull Controller ...........c.cccccececcsseeeceeceecesceueeceuecsusnecerenseeeeeeugens 7-52 
pA723/C/SA723C Precision Voltage Regulator ............cccccsscceesecsceeeeeceessanccesesenecssuseeneeeueees 7-57 
Triac Control Circuits . 
TDA1023 Time Proportional Triac Trigger ............ssccesccccccnscccncnsccsccseccenensoncnnsusause 7-62 7-32 
TDA1024 Zero Crossing Tria Trigger .........ccccssessnscnseccccnecceccnsceccenusesssccsseussneneus 7-75 7-45 
Lamp Controllers — | 
TEA1010,T Touch Dimmer Circuit «...ccccicccsccsscsesctcsesesscscccctdsesecsscccrveccscstiidesaveasboness 7-59 
TEA1058,T Touch Controlled Lamp Dimmer with Memory ..........ccssccscsnceeesseccecnnessace 7-64 
SECTION 8 - VIDEO 
UPON essa cess sete ue ote Rieeeuan cadens aeideutvctasidaea die eaten navaniousncdsderuetutwuaieds siasesdictdideveusches iawn e ete 8-1 8-1 
Exclariaticny Of Terie vac scoersece cecasiccwcotsansecas tun ves oesseauses teas one uenteusasseoucdnd led ddeunsdcouunsascvarsnaaciennenents 8-3 
Tuning (Also see Small Area Network, page 5- 266) 
MAB84XX Family Single-chip 8-Bit Microcontroller ............ssssessccees suduvensevasmuansuesvecatbeasteass § - 267 
PCF8573 Clock/Timer ........ wigevediveneuantueuucdeeauoes ycdiaaltadewy chee vaucdevacevaneuysaeeanacaguneuees 5 ~ 208 5 - 597 
PCF8570/70A 256 XS Static RAM wiveiciccccndeedstesisndesstcrctsaeedensetcacdsastucaeGedetsasststenscadanes | 8-5 
PCD8571 SK. Serial: RAW is6 visccvccinspecetedeveu deste cveesecdeoncwaieewssceswatieadssand piiuuabenenkenuads 8-17 
PCF8574 8-Bit Remote 1/0 EXPANel «....ssssevseseessseversesesseenorsnscees ocensocsacesnaccsnccess 8 - 28 
$AA1300 VIGOO - SWC vives ones cicewsees daseccnisaveienenaccdesiwdavewieiencdbudesddsadsbenedeecsssuete 8-40 
SAB1164 1GHz Divide by 64........... Ueba cae wekebnceddaas ce gutanarsed deen uasewansesiuasiersscussoueaete 8-43 
SAB1165 IGHZ Divide by 64 .......sssssccsesccsccserssccsnanccsesscrecnseceuserensesnsessocssascssess see 8-43 
SAB1256 TGH2 -DIVIGG: DY 256 sce seccieeivescieecs eviekiascdewsscanssascscenssacdecatatsetessdacanceees 8-48 
SAB3013 Six Function Analog Memory (6-Bit D/A Converter) ........:.ssccsscsssesscsnsneces 4-51 
SAB3035 FLL TV Turing Circuit ..........cssssssecssensssccsessecsesenensecoeseccceenesenseesoneeoaaes 8-3 8~54 
$AB3036 PLL. TV: Tung: CHOU ss ssissesse ie cecsciitcctientatencciedcencssosseuisxouve sndubeaoncauenns : 8-19 8-70 
SAB3037 FLL TV Tuning. CCUG cs ssiccccccstccsscscssccsasiccintecsicecsnisscscceuness jseeestarsuenens 8-35 8-86 
TDA0820T Balanced Modulator/Demodulator ...........scscssscssesssssnsccsesccunscnsncenceeseuseuns 5-91 
TDA5030° VHF Mixer-Osclllator icisiciite divessseatoesisccessssaasevacs cacuotesssbanteausscensetosdedandense - 8-102 
TOD1742T CMOS Frequency Synthesizer (LOPSY) orice neice : 8 - 103 
Video I.F. | 
TDA2540 Vide@O LF./AFT ...ccccssssccccccccccccccccsscennccccconsesneseconessnsenscsecnsaccsossssssavescass 8-51 8~ 105 
TDA2541 Vid@O LP-JAPT. ccciseiaciasiccosenevacuusaenvivassadedassnwcsscecudencaxeascassouecceasceusteanses 8-59 8-114 
TDA3540/41 WidO- WE FART csgsccusaans cesiacenees sreatineasdsceceescsnsameann aves caatlotseeleneucatactvanearoens 8-131 
TDA3806 TV-Stereo Sound Decoder (Zenith Format) .........ccccccsssncscccescececescncecnscese § - 67 
TDA3807 — Second Audio Program. ......ccsscccessesesesesseees cUunlaudevauepaeuedeaceuaesesnacteveors 5-69 
TDA4501 Small Signal Combination IC for Color TV......... dugiaa vada va cuaueuvanssueadeteraeed 8-122 
TDA4502 Complete Video |.F. IC with Vertical and Horizontal SYNC wenas viecssvsdscevasiene . 8 - 135 
TDA4503 Small Signal Combination for Monochrome TV..........scssssececsseseseevens ovesess 8 - 154 8 - 137 
Sound I.F. and Special Audio Decoding op 
TBA120U Sound LF. Amplifier/Demodulator for TV.........ssssesssesssssenssescnresssenssssnense | 8-148 
TDA2545A Quasi-Split Sound Circuit ..........cccscsesccecsccccscnsscssencosssveccesncnsansnececsenseees 8 - 153 
TDA2546A Quasi-Split Sound I.F. with Sound Demodulator...............s008 steeeeeeeeeseenes 8-67 8~154 
TDA2555 Dual TV Sound Demodulator Circuit ............cccccccccsecccccscnnccccnscecccsnsnsouecs 8 - 159 
Syne Processing and Generation | 
TDA2577A Sync Circuit with Vertical Oscillator and Driver’...........ssccsscssssessccsseseeres 8-72 8 - 163 
TDA2578A Sync Circuit with Vertical Oscillator and Driver...........ccccssscssesvscsseseseeenes 8 - 86 8-177 
TDA2579 Sync Circuit with Vertical Oscillator and Driver (with Horizontal tao . 8-191 
TDA2593 Horizontal Combination ............ccsssesssscvseseccssccnsssecensessenssesetesenstensseesens 8-100 8-194 
TDA2594 Horizontal: GoMmbBINAtON a. oe idicsciceccscccssenecscosvsstecsidesndasesesdedeccccscawussennecses 8-107 8-201 
TDA2595 Horizontal Combination ............scccccscessccsscccccccsscesccecseccececccescscnsecseucueus 8-114 8 - 208 
SAA1043 Universal Sync Generator...........sscsscssecsssees cade dsduaceeinenguseudwesseuniscabuewens . 8-217 


SAA1044 Subcarrier Coupler ..........sscsssseceseversesseeerevees ddagsauaneaeddwoaudeivehisanitecaunuwd 8 - 233 
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Color Decoding and Encoding 
TDA2501 PAL/NTSC EnCOGO 6 i sec cicstasciccniccscsiesvcnes csviddedstccvaceessuccaseucsciecctevesssacanes 8 - 240 
TDA3505 Chroma Control CUCU visscccccsccisceseccsscccvcccecssenscsvuccssescssyouceshsvecsssnesscoas 8 - 245 
TDA3562A PALINUSC DOCOGGD icsscicidsciscsiccesscitsdsssccecescistecsssececeesadisscacwesseavspacbiaaest 8 - 253 
TDA3563 NTSC Decoder with RGB Inputs ..........ccccsccssscsccsscccsccsnccescoscscecncesccesces 8 - 269 
TDA3564 NUSGC ‘DOGOGGE civics icsuasiacaccnid codes i ecaaWlesiidaiuedeniusenceutace tarsenseakiawsaseswaweaess 8 - 279 
TDA3568 Monolithic Integrated Delay Line and Filter Combination for NTSC 
Television ReCelvers..........ccccsccccscscccsccnccsccssneccsansccssccnsencesconassncenccsesens 8 - 288 
TDA4555/56 Multistandard Decoder ...........ccccccecesecescsccessnseenss juvencdadeeecscsvaanedsevesewress 8 - 289 
TDA4560 Color Transient Improvement Circuit ............csceccsscssscescccccencaessccecccssases 8-165 8 - 297 
TDA4580 Video Control with Two RGB and Color Difference Inputs ...............sces00. 8 - 304 
TEA2000 RGB to NTSC/PAL Encoder ..........scsccccsccsccccssnnscncncssccseccesscnsnssnscccssccess 8-307 
NE5150 Triple 4-Bit RGB Video DAC............cccsecssececcerscscennenecscnscessconasetsseceseuces 4-45 
Vertical Deflection 
TDA2653A VOriCal DOTOCUON seiviisscccccccccsicneiecrccsuiesccdasetesudccsuccceensecussendeesdeusveanecade 8-123 8-309 
TDA3651A/AQ VGNICal:: DONOCUON iis cisuidis ce dsncereiedpeudec sessed caus Vebeaseves ine sesheinbeass endow asian 8-141 
TDA3651A/AQ/3653 VOMTICAl DOTS CUON ia ssiciscscsicccececisscesscrecndcodsshavacwnaactevesscucasecudeecsuccdacucess 8-317 
TDA3652 VOFICal DONOCHON isdesessstciucseencicars evsccaredecaewasacdavdewsssaciedscusesinasecdeiaasans 8-149 8 - 325 
TDA3654 NUSC DOGCOGOR osicciicissnetcsnseti dices ievetideiiadidedcasetacsanscadiaedsenasteduackewsisceases 8 - 330 
Videotex/Teletext 
SAA5025D 525 Line Teletext Timing Chalin...........ccccssccccscsscnsscnenccsncensnscccnsscensccvause 5 - 433 
SAA5030 Teletext VId@O PrOCeSSOF ..........cccccccsccccccccccsscnssnncccnnsscccssscuscosensscccsenens 5 - 226 5 - 450 
SAA5040 Teletext Acquisition and Control Circult .............sccscscscccnssssccsencccecsnsccnens 5 — 236 5 - 460 
SAA5045 Gearing and Address Logic Array (GALA) ...........sccscessesccsccecsncsessenssscees §- 479 
SAA5050/55 Teletext Character Gemerator..........ccccccsecseccccescccnncccenccacccessccscusensessuans 5 - 255 5 - 486 
SAA5070 Microcomputer/Microprocessor Peripheral for Viewdata ............ssssessssssess § - 503 
- §$AA5230 Advanced Video Processor ..........cccseccsscsecnnssccscccsnenssenccescassasenscecsssaues 5 - §32 
SAA5240 Microprocessor Controlled Teletext Circuit .............scsscsssccsscccccsscccssesseees § - 541 
SAA5350 Advanced Display Controller (625 Line System) ..............sscsesscssccssnnceccers 5 - 567 
SECTION 9- APPLICATIONS 
WINGO Soscvcsccceulas eaccscesseccdawadesed dnwtcuacsewbesncnsbaceawuvsuventduw oWewewa uuteuddulertsnswankvaeueqesdnaldsuebervaudacsssesweasens 9-1 9-1 
Application Notes by Major Product Category 
interface 
Data Conversion 
AN100 An Overview of Data Converters.............ccccccceecceeeessceeeeccecceeeescsceseeueenanes 9-3 
AN101 Basic (D/A CONVOIMGIS ss cc.255.co rc dasccnds occu stevats Seer escdetnnieine ta dadees ed enaeeeanecwenté 9-8 
AN105 DIG AE < AOR ALOR sie fessossic vr asce cure tniccpascdica nus airs inn viene id ndaw ane Gos Sa ane Rea 9-15 
AN106 Using the DAC-08 without a Negative Supply ................cecceenseceeeeeeeeeeeeeeeees 9-16 
AN109 Microprocessor Compatible D/A converters ................ccsceeceeeeeseeeceeseesseeanees 9-17 
AN110 Monolithic 14-Bit DAC with 85dB S/N Ratio ...........sccesssccscssccesncessscesacecs 9-3 
Drivers 
AN112 LED Decoder Drivers: Using the NE587 and NE589 ....................... cece e eee eee 9-24 
AN113 Applications Using the MC1488/1489 Line Drivers and Receivers .................. 9-30 
Comparators 
AN116 Applications for the NE521/522/527/529 ..........ccccsccsaescenenceeaetssenteoeeseenenes 9-33 
Signal Conditioner 
AN118 LVDT Signal Conditioner: Applications Using the NE5520 ...............ccseeeeseeees 9-41 
Communications 
Timers 
AN170 NE555 and NE556 Applications ................cscescecescsceneeeeeeteceeeneeesenenneneeenens 9-57. 
AN171 NE5S5S8: ADpliCAllOns i insicss tatsveveateicene aacgvauaettseade causa cpaaesoutes esaedinuecead Soavun 9-74 
Phase Locked Loops 
AN177 An Overview of Phase Locked Loops (PLL) ...............cccecceesceesceneceenseeeseeees 9-79 
AN178 Modeling the Pbk vssiccsiccocs cccusanveiaetasvace seeds snes scndsieeetdeiecavevsstenatueceeadeuens 9-84 
AN179 Circuit Description of the NE564 .......... cece cece ssc eeeteeeeeseeeneeseeeeneeesaneess 9-100 
AN180 The NE564: Frequency Synthesis................sccccccsecscesceecceseescseeeecsecuseeeeeens 9-105 
AN181 A 6MHz FSK Converter Design Example for the NE564 ..............c:cscceseeeeeees 9-110 
AN182 Clock Regenerator with Crystal Controlled Phase Locked VCO9.................000 9-112 
AN183 Circuit Description of the NE565.................ccccssccceeseeee ese eeseeneeeeteneeseeeenees 9-121 
AN184 FSK Demodulator with NE565 ...............cccccccc esse ese eeeeeeeteneeeaseeteesseneneesens 9-125 
AN185 Circuit Description of the NE566................ ccc cccc cece ese eeeeeeeeeeeseeseetteceeseseenes 9-128 
AN186 Waveform Generators .............cccccccsccececceessescenseeeseseesseeeeesseeeeeneeenasenesauen 9-129 
AN187 Circuit Description of the NE567 Tone Decoder ................ccceeeeeeeeeeeeseeeeeeens 9-132 


xi 


Signetics Linear Products 


Contents 
VOL | VOL Il 
AN188 Selected Circuits Using the NE567 ...............ccceseecssceneeneeeenenenececeneseneeeeaes 9-137 
AN189 Balanced Modulator/Demodulator Applications Using the MC1496/MC1596 ...... 9-140 
AN190 Applications of Low Noise Stereo Amplifiers: NE542 ...............ccceseeeeeeeseeeeees 9-145 
AN191 Stereo Decoder Applications Using the UA758 ...............cccccteeeeeeeeceeceereeenees 9-148 
Compandors 
AN174 Applications for Compandors: NE570/571/SA571 ...........ccccceeeseeeeeeeeeeeeeeeees 9-156 . 
AN175 Automatic Level Control: NE572 .............cccecccscececceseeeseeencessseesseeeseretaaeenes 9-165 
AN176 Gomipaindor GoOKbOOK saicieisaviswscannagins ovseceneesdeistntastacsssnententerdeseereasteseanas 9-166 
Audio 
AN198 Designing with the SA/NEGO2 ...........csccccssecncscncencenccccccveuccccsccccceccsssecens 9-10 
AN199 Designing with the SA/NEG04 ............cccsesecsccsccssnscsccsscecccnscceeens sue deahares 9-14 
AN200 IC's for Compact Audio Disc Decoders ...........sscssccscscccscsncscsseccccsecccccane 9-24 
Small Area Networks 
AN163 Small Area Networks Using Serial Data Transfer................ svonbinussvacaeeenves 9-35 
AN167 Twisted-Pair Bus Carries Speech, Data, Text, and Images ..........cccsececsseee 9-60 
FSK Modems 
AN195 Applications Using the NE5080, NE5081 ............ ccc eeecee eter ee eeeeeeneeeeenes 9-173 
AM Radio 
AN196 Single-Chip Synthesizer for Radio Tuming............scessssecccccssccsccsessccnensenne 9-65 
AN197 Analysis and Basic Application of the SAA1057 ............sscscssccsscesescsssneces 9-73 
FM Radio . 
AN192 A Complete FM Radio on a Chip ..........ccscccccescnsesccensecccsccncnscsccccecnscuenes 9-84 
AN193 TDA7000 for Narrow-Band FM Reception ..............ccsecccccsesccssccrscccusnccecns 9-96 
IR Remote Control 
AN172 Circuit Description of the Infra Red Receiver TDA3047/TDA3048 ............. 9-112 
AN173 Low Power Pre-Amplifiers for IR Remote Control Systems................scsse. 9-114 
Telephony . 
AN194 TEA1042: Use in Loudspeaking Phone ...........cccscesssscccscnnccccecscuccensecsccecs 9-118 
Teletext : 
AN152 SAA5350 Single-Chip CRT Controller ............cccssesccreccnccncccccscccsccnscseceence 9-127 
AN153 The 5 Chip Set Teletext Decoder ...............ssccccscccccccsccssnensecuscccceccesscens 9-136 
AN154 Teletext Decoders: Keeping up with the Latest Technology Advances svieks 9-141 
Voice Synthesis 
AN119 MEA8000 Voice Synthesizer: Principles and Interfacing ..........c.sccsccssssseees 9=- 147 
Amplifiers 
Operational Amplifiers 
AN165 Integrated Operational Amplifier TNOOLY Rieibwie aa puiea seaman tus eminaaeumalweddsenstaiaatadas 9-181 
AN166 Basic FESdback: THO: is ss sa desivsviawsiessticirseccssgveenvadeveriddssiantagedwerssnsuetveess 9-188 
AN142 Audio Circuits Using the NE5532/33/34 ...........cecsececceescetssceneceerensseeeeeeeenes 9-192 
AN143 Applications Using the SE/NE5535..............cccceeeeceeseteeensceceeeenenerensesseeseass 9-200 
AN150 Applications: for tiie: NESSS i iiscisescsdatess cietiis Acatvavestessaeeeessncansiewgsaca desea 9-203 
AN151 Applications for the: NESS 4 soci sicsccncsseeavesicacivccsivasceseatsreses pactsetteneceedewss 9-204 
AN160 Applications for the MC3408 .............. 2. cece cee ee eee ee eee eeeeeeeeeeeeesneesesenneeenes 9-205 
AN144 . Applications for the NE5412 and NE5514 .............ccceseeeeseceeneeeeeeseneseenanes 9 ~ 208 
AN145 NE5517: General Description/Applications for Use with the NE5517/A 
Transconductance Amplifier................ccccccceseceececsecensereeeeecesseeeecasenesseneetes 9-214 
AN164 Explanation-Of NOISG oiia;clecectusnk esixaxa claws tens are cou ee ssMiscaek ae canseeaewseieeuleaens 9-217 
Video Amplifiers . 
AN141 Using the NE592/5592 Video Amplifier ...............cccccscscesecesseeeeeceenererseneeees 9 ~ 226 
AN140 Compensation Techniques for Use with the SE/NE5539 ...............ccceee eee eens 9-231 
AN146 Wideband FM Composite Video Fiber Optic Link.............. ianuecs cuasetesarines 9- 163 
Audio Amplifiers 
AN148 Audio Amplifier with TDA1013/A ...........cscevecsestcccccccsccnscssnccseccucosscecsecues 9 - 167 
AN149 20W Hi-Fi Power Amplifier with the TDA1520A ...........ccscccseccecsccnscrecnnsees 9-170 
Power Conversion and Control 
Switched Mode Power Supplies (SMPS) 
AN120 An Overview Of ‘SMPS i6isiiicsncicncen seca sin cicansnceaves ener sab cua vena seapiveebeqsadudeusevess 9 - 237 
AN121 Forward Converter Application Using the NE5560 .............cccccesesseeeseeeeeaearens 9-242 
AN122 NE5560 Push-Pull Regulator Application ............ccscscsscsecsensesseescreseeesenteenes 9-243 
AN123 NE5561 ADDICATONS =.c5cc5 sir iota cekatecs ve wtaceaideae tennant aye cwaeVarereantheaisctouruasnnies 9-245 
AN124 External Synchronization for the NE5561 .............:cceseeeenescveceeeneenerseeentenens 9~— 249 
AN125 Progress in SMPS Magnetic Component Optimization ...........csscsscessesnsees 9-174 
AN126 Applications Using the SG3524.............cccccseseeeeceseseseeneneeeeeesesesseneesseueesaes 9 — 250 
AN127 Using the SAA1027 with Airpax Four-Phase Stepper Motors ..........scsssesees 9-184 


xii 


Signetics Linear Products 


Contents 
VOL | VOL Il 
AN128 Introduction to the Series-Resonant Power Supply ............cccscccessecscccccees 9-189 
AN129 Design of Static Switching Circuits Using TDA1024 ..............cccesescvenssccees 9-197 
Control Circuits 
AN130 TDA1559 Motor Speed Regulator with Thermal Shut-Down ..............cscses0. 9-213 
AN131 Applications Using the NE5044 Encoder ..............ccscsesecscssetseeenceseeeeseneeeees 9 - 252 
AN132 Applications Using the NE5045 Decoder................cccceeccee esses esseeenseneeeeeeeees 9-254 
AN133 Applications Using the NE544 Servo Amplifier ................cccecceccc seen eeeneeeeeenes 9 ~ 256 
AN134 Computer Controlled Robotics Applications ..................ccceeceeee ence eeeeeeenneeeenes 9-261 
AN135 introduction to PWM Speed Control System for 3-Phase AC Motors ........ 9-219 
AN136 LSI Circuit for AC Motor Speed Control ...........cccsscccccnccsccnccnscerencnenscnces 9-233 
AN137 Analog Control System for AC Motor with PWM Variable Speed Drive ..... 9-244 
Video 
Color Decoders 
AN155 Four Standard Color Decoder with Picture Improvement .............cssesesssees 9-254 
AN156 Application of the N.T.S.C. Decoder: TDA3S563 ..........cccessscccncenncnenccscnccses 9 — 267 
Digital Tuning 
AN157 Microcomputer Peripheral iC Tunes and Controls a TV Set ...............ccse0. 9-280 
Synchronization Processing and Deflection 
AN158 Features of the TDA2595 Synchronization Processor .............sscceessesecesens 9-284 
AN159 Full-Page Display Using Television Components ...............sssesccessesscceseceas 9 - 289 
AN161 A Very-High-Resolution Monochrome Data and Graphics Display Unit....... 9-295 
AN162 A Versatile High-Resolution Monochrome Data and Graphics 
DISDIAY UNUR ivccsciccscsscciccscidscserscvocdonecccsssesoveanteae dpestiqasesherecacanscneneasesnes 9-300 
Miscellaneous 
AN210 SO Package Tape and Reel............scssssscessescees sub cdudisenseacsvsaeteucuoverwnneree 9-305 
Application Notes by Part Number 
DAC08 AN106: Using the DACO8 without a Negative Supply ...............ccccecceseeeeeeeeeseeseeeeen 9-16 
HEF4750 AN161: A-Very-High Resolution Monochrome Data and Graphics Display Unit....... 9 ~ 295 
HEF4752 AN135: Introduction to PWM Speed Control System for 3-Phase AC Motors ........ 9-219 
AN136: LSI Circuit for AC Motor Speed Control ............csccssscscsccsscsceccesscsssnessees 9 - 233 
AN137: Analog Control System for AC Motor with PWM Variable Speed Drive ..... 9-244 
MAB8400 AN163: Small Area Networks Using Serial Data Transfer .............ccscscsscseccccessceces 9-35 
MC1496/1596 AN189: Balanced Modulator/Demodulator Applications Using the MC1496/1596 .......... 9-14 
MC3403 AN160: Applications for the MC3403 ............ cece ccc eee eee eeenetenceeeeseeeceneesecencenaseenee 9-205 
MEA8000 AN119: | MEA800 Voice Synthesizer: Principles and Interfacing.............ccseccceccseeeee 9-147 
NE5044 AN131: Applications Using the NE5044 Encoder .................. cece cece eee e essen eeeeeeeeceeees 9 - 252 
NE5045 AN132: Applications Using the NE5045 Decoder.................ccccceseeceeeeeeeeeeeneeeeensennes 9~ 254 
NE5080/5081 AN195: Applications Using the NE5080, NE5081 .......... ccc e eee eee ere eeeneeneeeenes 9-173 
NE521 AN116: = Applications for the NE521/522/527/529 .............ccsceseseeseneesseceeeeeseeeneneusees 9-33 
NE522 AN116: Applications for the NE521/522/527/529 ............eccseceseececncescceseeeesseceneseeas 9-33 
AN146: Wideband FM Composite Video Fiber Optic Link..............ccsssssccsccencencenns 9- 163 
NE527 AN116: Applications for the NE521/522/527/529 ...........cccsscesssseesceeeccseseesceeeeeesees 9-33 
NE529 AN116: = Applications for the NE521/522/527/529 ............cccccssesceeacecteeeesnsseeeeeeeeeeees 9-33 
NE531 AN151:: .-Applications: tor the NESS1. 2.5.0 csiscisccsicccccsscesthavcdscasscschanaccadsnsadesensbacunss omen 9-204 
NE538 AN150: Applicationstor the NE5S8 sccsecciccdiciesscxdeisadvevaepines seas sawed cane hnacssaesuneeas acess 9-203 
NE542 AN190: Applications of Low Noise Stereo Amplifiers: NE542 ...............cceseceeseeeeeeeneee 9-145 
NE544 AN133: Applications Using the NE544 Servo Amplifier ................ccceseeeeeeeeseeeseneeees 9 — 256 
NE5512/5514 AN144: = Applications for the NE5512 and NE5514............. cc ceseseecseseneeseeneweneeeeees 9-208 
NE5517 AN145: NE5517: General Description and Applications for Use with the NE5517/A 
Transconductance Amplifier ..............ccccccseececceceeenceeeneessscenenscaererecesesees 9~—214 
NE5520 AN118: LVDT Signal Conditioner: Applications Using the NE5520.................ccceseeeeees 9-41 
NE5532/33/384 AN142: Audio Circuits Using the NE5532/33/34 .............ccceeseseceeceeeesceeeeceeeeetensesens 9-192 
NE5535 AN143: Applications Using the SE/NE5535...............ccccsseseesseeseneeecseeeeneceneensesseases 9-200 
NE5539 AN140: | Compensation Techniques for Use with the SE/NE5539 ...............ccesseseeeeeees 9-231 
AN146: Wideband FM Composite Video Fiber Optic LIMK............csceccesensecsscescseees 9-163 
NE555 AN170: NE555 and NE556 Applications .............ccccseceeceeeeeceneeesteeeeeecsesenceeneeeneeeses 9-57 
NE556 AN170: NE555 and NE556 Applications ...............ccccsceeccevsceseeesveccncsecceeeeeesenscesees 9-57 
NE558 ANI712 | NES5S: Anplicatlons isis cissrescetevescsnsaseccscevesvevesvad orcsdesnecah ened sacoesessteaniess 9-74 
NE5560 AN121: Forward Converter Application Using the NE5560................cccecsecssevesneeeses 9-242 
AN122: NE5560 Push-Pull Regulator Application ...........c:cscccscenerecscecenseeeeeeeeeesenees 9-243 
NE5561 AN123: NESSGT -ADDICRUONS: 6 iscicehctcnannck isd reactance salutes tisaatne tha sepeenaseohoetaanymenw eens 9 ~ 245 
AN124: External Synchronization for the NE5561 .............c.scesescscevsesceseeceeseessnenauens 9-249 
NE564 AN146: Wideband FM Composite Video Fiber Optic Limk..............ccsssesccccsscees vune’ 9-163 
AN179: Circuit Description of the NE564.......c:cccccsccssscssncscsscesscenssseccrscesecbosssececoss 9-100 


Signetics Linear Products 


Contents 
VOL | VOL Il 

AN180 The NE564: Frequency Synthesis...............cccccccsceenceeeesceeeseeeesnseeeseeeeseenes 9-105 

AN182 Clock Regenerator with Crystal Controlled Phase becked NGG osiseet stiles pean: 9-112 

AN181: A 6MHz FSK Converter Design Example for the NE564 ..................cseceeeeeeee 9-110 
NE565 AN183: Circuit Description of the NE565................ccceceeeeeeeeeees neiluaens ‘i usieansarass 9-121 

AN184: FSK Demodulator with NE565.................. er ee re eee Besacoe caus 9-125 
NE566 AN185: Circuit Description of the NE566...............cccccsscsccnsceetesceeesseeensseeeessetesseees 9-128 

AN186: Waveform Generators with the NE566 .................cccccseeeeceeesceeeeeseteneteueenes 9-129 
NE567 AN187: Circuit Description of the NE567 Tone Decoder............... Ee eee etre 9-132 

AN188: Selected Circuits Using the NE567.............cccccccscseseeseeees Sate gate edhe oo - 9-137 
NE570/571/ 
SA571 AN174: = Applications for Compandors: NE570/571/SA571 ..........cccceccceeascenssseneeeenans 9-156 
NE572 AN175: Automatic Level Control: NE572 ...........cccccccccsceesee ence eneceeeeeeseneneereesenseeeees 9-165 
NE587/589 AN112: LED Decoder Drivers: Using the NE587 and NE589 .................ccceeeeeeeee esos 9-24 
NE592/5592 AN141: Using the NE592/5592 Video Amplifier .....................0. isan Shean ieceaseewteeneare 9-226. 
PCD8571 AN163: Small Area Networks Using Serial Data Transfer .................ccccsseccsccsoceses 9~35 
PCF8570 AN167: PCF8570: Twisted-pair Bus Carries Speech, Data, Text, and Images.......... 9-60 
PCF8574 AN163: Small Area Networks Using Serial Data Transfer ............cssccsscnsessscesssteess 9-35 
PCF8577 AN163: Small Area Networks Using Serial Data Transfer ............cccsssccessscessscnssens 9-35 
PCF8591 AN163: Small Area Networks Using Serial Data Transfer ................ccecccsssvecnsneees 9-35 
SA/NE602 AN198: Designing with the SA/NEGO2 ............ccssssccsccscrencscncssescnscseusccasecceesesseess 9-10 
SA/NE604 AN199: Designing with the SA/NEG04 .........cscsccsescssccscessesccescnsnssscensesecenceccenseess 9-14 
$AA1027 AN127: Using the SAA1027 with Airpax Four-Phase Stepper motors Satiaeesanensseusias 9~ 184 
SAA1057 AN196: Single-Chip Synthesizer for Radio Tumning...........cccssccsncssesccccsntcccvessnencens 9-65 

AN197: Analysis and Basic Application of the SAA1057 ..............cccscsssescescerecssees 9-73 
SAA1300 AN163: Small Area Networks Using Serial Data Transfer................ cihsaaccazeaeunaaans 9-35 
SAA5025D AN153: The 5 Chip Set Teletext Decoder ..............ccccsecsescnccscccccccsvessccasccenscessecas ~ 9=— 136 
SAA5030 AN153: The 5 Chip Set Teletext DeCoder.............cssccescsccecccsccescsccescenceusescensees 9- 136 
SAA5040 AN153: The 5 Chip Set Teletext Decoder..............cscssssssscees cwendaae igdesisenevacudaste 9-136 
SAA5045 AN153: The 5 Chip Set Teletext Decoder ............cccsccccsscccsecccccssccssencceusccessccesecs . 9~ 136 
SAA5050 AN153: The 5 Chip Set Teletext DeCoder............ccscccccccrescccsccccccesscesnsesscesneessess 9-136 
$SAA5230 AN154: Teletext Decoders: Keeping up With the Latest Technology Advances ..... 9-141 
SAA5240 AN154: Teletext Decoders: Keeping up With the Latest Technology Advances dievs 9-141 
SAA5350 AN152: SAA5350: A Single-Chip CRT Controller .............sescccsscecnececcencesceceesscnsces 9-127 
SAB3035 = AN157: ##Microcomputer Peripheral IC Tunes and Controls a TV Set.............ccscveee —9~ 280 
SE/NE5560 AN125: Progress in SMPS Magnetic Component Optimization .............cccsessseeees ia 9-174 
SE/NE5561 AN125: Progress in SMPS Magnetic Component Optimization ..............ccccccsscceeces 9-174 
SE/NE5562 AN125: Progress in SMPS Magnetic Component Optimization ..............sssccsscsessees 9-174 
SE/NE5568 AN125: Progress in SMPS Magnetic Component Optimization ..............ccsessecescenes 9-174 
$G3524 AN125: Progress in SMPS Magnetic Component Optimization Skins wisvedebecaacdassacodexs 9-174 

AN126: Applications Using the SG3524..............c ccc cce cece nese eecee eet eeeeendeeseceesanseeeeess 9 ~ 250 
‘$G3526 AN125: Progress in SMPS Magnetic Component Optimization ......... Vipusacowambarencs’ 9-174 
TDA1013A AN148: © Audio Amplifier with TDA1013A ............ccssccccsssuccccencsnceccees padpecusswaenewanss | 9- 167 
TDA1024 AN129: Design of Static Switching Circuits Using TDA1024 ............ccssccesscnvesssuees 9-197 
TDA1520A AN149: 20W Hi-Fi Power Amplifier with the TDA1520A ...........ccccssscsscnscnecnccesasees 9-170 
TDA1540 AN110: Monolithic 14-Bit DAC with 85dB S/N Ratio ................000. WAdaiaweeuneeseeiaees —  O=Q 
TDA1559 AN130: TDA1559 Motor Speed Regulator with Thermai Shut-Down ............sssscceses ~ . 9=213 
TDA2593 AN159:  Full-Page Display Using Television Components. .............cscssesccsescceccseccnes 9-289 
TDA2595 AN158: Features of the TDA2595 Synchronization Process ...........cccccssesscsssneecenss — 9-284 

AN162: A Versatile High-Resolution Monochrome Data and renvcs Display Unit. 9-300 
TDA2653 AN159:  Full-Page Display Using Television Components. ...........c.cseccsscsvscnsccrescvens 9-289 

AN162: A Versatile High-Resolution Monochrome Data and Graphics Display Unit. 9-300 

AN161: <A Very-High-Resolution Monochrome Data and Graphics Display Unit....... 9 - 295 
TDA3047 AN172: Circuit Description of the Infra Red Receiver TDA3047/TDA3048 ............. 9-112 

AN173: Low Power Pre-Amplifiers for IR Remote Control Systems..............cessss0: 9-114 
TDA3048 AN172: Circuit Description of the Infra Red Receiver TDA3047/TDA3048 ............. 9-112 
TDA3505 AN155: Four Standard Color Decoder with Picture Improvement.............cccscccesees 9-254 
TDA3563 AN156: Application of the N.T.S.C. Decoder: TDA3563 ............sceccscscesssvecccencensans 9 - 267 
TDA4555 AN155: Four Standard Color Decoder with Picture improvement ..............ccecsceseee - Q9=—254 
TDA4560 AN155: Four Standard Color Decoder with Picture Improvement .................ss00: as 9-254 
TDA4580 AN155: Four Standard Color Decoder with Picture emproyement piusiataimanepeeucieaeae 9 - 254 
TDA7000 AN192: A Complete FM Radio On a Chip ............ccscccessccesccssscccsccesccncceccucesucs are: 9-84 

AN193: TDA7000 for Narrow-band FM Reception. ............ccsssccccessssccesnennnsceseccncecs 9-96 

AN200: IC's for Compact Audio Disc Decoders ............ccccseccesencccscccnevcccsecceess oe —*  9=—24 
TEA1042 AN194: TEA1042: Use in Loudspeaking Phone....... waseewbenes deubtuneetsavaddsenscsciviseness 9-118 


Xiv 


Signetics Linear Products 


Contents 
VOL | VOL Il 
pA758 AN191: Stereo Decoder Applications Using the UA758 ............cccccceecsseeeeseeneeeeteneeees 9-148 
SECTION 10-PACKAGE INFORMATION 
NINO, oivoicdssicnreecacnedee ce veed eve wecduewddetactasiweccccuneqasdeswseuesscawavenadessccieeannaewoutees va une vansaseueevet pdbebesecedes sun — 10-1 
Package Outlines for products with prefixes: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, 

SE SG pgs WIN ges osc cdc see cece de wac tic se xian daysiaaiton ooutane seco Sen ae Gaaaaa vane vues uae taeeeis ateeSueasaee ues 10-1 10-3 
WUE OOCUCHOND i ice svenieuaccscecsendueccne sated cacdenseabouienaccnetewswadecas senses saasesnusvedwenesususaueousescectosecebetees eat 10-3 10-3 
D SO Plastic Dual-In-Line ............ccsccccscccncuccnccnccocescccnccssecenns Scduuiwreiterawens 10-5 10-5 
E We tall. Cm cass ceisevcnavasabcloas canes craasanascnnduns Sacannss sesmennesaveusivcedvesaunconaascoans 10-7 10-7 
F HOrmetc ‘COPD xo csciiseectavenecaicscscsececesserayiounscaneucessessstuesdsstuansouavenvcoavees 10-8 10-8 
G Hermetic Leadiess Chip Carrler...........c.scsssecssscsscsescecercescsssencesceucanscesees 10-10 
H Metal CON sca cinnstisrutvisiecenpncvariedeacusieucberengeuvatescdeeedauateubassennevessacseeneye 10-11 10-11 
1 Hermetic Sld@ Braze sa ccsccasiceccucseuccrsccdsccwsicecesnsncesvaveconnseussecseusccvoseeacssess 10-11 10-11 
N Plastic: Dual le LING sasisctseccccas send cess ttnnacacyccawesncoustas ue toeansces devecsvaedessewekeny 10-12 10-12 

Package Outlines for products with prefixes: HEF, OM, MAB, MAF, MEA, PC, PN, SA, TA, 

TVG Ty TE OBI cai sisincnccndesteciatesteluiebisaeech cavuacutnwaia Denes ausessuuas dacaustnoulweea da uabiesseveveaeseuchidesavl 10-16 
Soldering Notes .............0:006 suincicns dgaicaceueu cas aswatiinngsacwucedeet nae saagaennavauase bus dnomnesunedeumencduwpecsecsentouen 10-16 10 - 16 
8-Lead Dual-in-Line; Plastic (SOT-97A)1 .........cecsssscccecscncccucecccnceancussesecececncucescnancercecuavacsreeusess 10-16 10-16 
8-Lead Dual-in-Line; Ceramic (CERDIP) (SOT-151A) .......ccsscccescesccencucccscesccsansesccensencecnssncsceucacess 10-16 10-16 
8-Lead Dual-in-Line;Metal Ceramic (CERDIL) (SOT-153B) ..........sccssssssensccecsssseesecsevescnssenenerseseueees 10-17 10-17 
9-Lead Single-in-Line; Plastic (SOT-110B) ..........ccsssccccsenenancensccnsnnssevesscssncccscusscescasesssccossncescucens 10-17 10-17 
9-Lead Single-in-Line;Plastic Power (SOT-131A), B).....ccssssssscsscccnescccccnccescccenucncsescscseusuccenssssenaeus 10-18 10-18 
9-Lead Single-In-Line; Plastic (SOT-142) .........sscccssssesscesssesscsesscecebescececersecucsenrcecscvensccenceseeansacss 10-18 10-18 
9-Lead Sil-Bent-To-Dil; Plastic Power (SOT-157B) .......scscccsccssesennscccesusessccescensnctecscesseusssensssnecenes 10-19 10-19 
12-Lead Dual-In-Line; Plastic With Metal Cooling Fin (SOT-150).........sssssssssssssssssssssesssnssenesseeers 10-19 10-19 
13-Lead Sil-Bent-To-Dil; Plastic Power (SOT-141B)...........0006 sirens duvaen vs dunwauSeaweeonneds Ldigihaswadeueementee 10-20 10-20 
14-Lead Dual-in-Line; Plastic (SOT-27K, M, T) ......ccscesecsesecesenever soneiavouseWeaieeel wacker dcaswsuecdouscommcuscue 10-20 10-20 
14-Lead Dual-in-Line; Ceramic (CERDIP) (SOT-73A, B, C) ........... VbintPesilsineWawessisisucddeuadsapasetsceassueces 10-21 10-21 
14-Lead Dual-in-Line; Metal Ceramic (CERDIL) (SOT-83B) ...........ssssscssseeseseees didi auseeiabecvevassesuwesuss 10-21 10-21 
16-Lead Dual-in-Line; Plastic (SOT-38) ...........scsssssecesesreresseens dubadeNeanuwentadcouseseudecwebesepeoteeeys err 10-22 10-22 
16-Lead Dual-in-Line; Plastic (SOT-38A) .........sccsssecscsscesscnscuscscussccucsccecneascenesnesececusecousecevences sees 10-22 10 - 22 
16-Lead Dual-in-Line; Plastic (SOT-38D, DE) ..........ses0s0. sUaiGWakea reed cndeckesaiavesiela vous apavabrsaubeveieszecss 10-23 10-23 
16-Lead Dual-in-Line; Plastic (SOT-38Z)..........scsccssceccccscnensccevcencsesncesscesscccucsesssessanssesoussouans eins 10-23 10-23 
16-Lead Dual-in-Line; Plastic With Internal Heat Spreader (SOT-38 WE-2)........c.cscssscsccsscscssccecnecse 10-24 10-24 
16-Lead Quadruple-Iin-Line; Plastic (SOT-58) ..........ssccesssrsenccesncccessnnusaccnesescouccncossscsersecsesseseesscee 10-24 10 - 24 
16-Lead Dual-in-Line; Ceramic (CERDIP) (SOT-74A, B, C) ......c.ccccsscccccscscousscnscssacceccccessanessaseeseses 10-25 10 = 25 
16-Lead Dual-in-Line; Metal Ceramic (CERDIL) (SOT-84B) ............ccsccccccccneessncevcnssnsesccessssovensaueces 10-25 10 - 25 
18-Lead Dual-In-Line; Metal Ceramic (CERDIL) (SOT-85B) ...........sccsccccsssncrcccnceccnscescasseusesceuscansses 10-26 10 - 26 
18-Lead Dual-in-Line; Plastic (SOT-102A) ........cssssssssccseccsscescecccecscccessneuccenscencececceusescescusseeenansers 10 - 26 10 - 26 
18-Lead Dual-In-Line; Plastic (SOT-102C) ........csscsscsssscsssssccccesceusecssceccececceseececatsensccuseccensecsocssess 10-27 10-27 
18-Lead Dual-in-Line; Plastic (SOT-102CS) ........csscccccccccccnnccncncccovencecusencanncccucencnsccsscsecesseenscccuers 10-27 10 = 27 
18-Lead Dual-In-Line; Plastic (SOT-102G)...........ccssscccnescnsencceccccserscsecsncusussssancuscsecenccecnescuccansssen 10-28 10 - 28 
18-Lead Dual-In-Line; Ceramic (CERDIP) (SOT-133A, B) .......ccsscccsncsencsnteusccscnccsscssssccensessuusenesseve 10-28 10 - 28 
20-Lead Dual-in-Line; Plastic (SOT-146) .........cccsscsesnscvecnescnscusncscensccccsncsecsnasssescusonsnscesscceussonesses 10-29 10-29 
20-Lead Dual-in-Line; Ceramic (CERDIP) (SOT-152B, C) ........ccesccsccccccssesancccenccnsccnsccccusceuccssssscnsne 10-29 10 = 29 
20-Lead Dual-In-Line; Metal Ceramic (CERDIL) (SOT-154B) ..........cscscessccsenccnncsnscccsnsessccusnevssenssens 10-30 10-30 
22-Lead Dual-In-Line; Plastic (SOT-116)........sscscccsssesosccccscceccucscscnenecsenseecesstacnenenesatcecuseccnseeesenes 10-30 10-30 
22-Lead Dual-in-Line; Metal Ceramic (CERDIL) (SOT-118B) .......ccevevecscccnecececenccecscececscscscecersucuces 10-31 10-31 
22-Lead Dual-in-Line; Ceramic (CERDIP) (SOT-134A) ..........ccsccssccesscccnssssccssssccesscsecnensensssccssaaesess 10-31 10-31 
24-Lead Dual-In-Line; Metal Ceramic (CERDIL) (SOT-86A) ............ccccscscecescnsescencecenescecoscecesseecceess 10-32 10-32 
24-Lead Dual-in-Line; Ceramic (CERDIP) (SOT-94) ..........sccsccscsscecenscnsnscersencecencnsncscececesencnsnseseens 10-32 10 - 32 
24-Lead Dual-in-Line; Plastic With Internal Heat Spreader (SOT-101A, B).........ccccccscscesnscecesesccsenes 10-33 10 - 33 
28-Lead Dual-in-Line; Metal Ceramic (CERDIL) (SOT-87A) .........scesssccsnssccucsscsscsenscneccecsscecsssransones 10-33 10-33 
28-Lead Dual-In-Line; Metal Ceramic (CERDIL) (SOT-87B) ..........sscccsscsrccccccsscncccosccsnccccccccnseensscens 10-34 10-34 
28-Lead Dual-In-Line; Plastic (SOT-117) ..........ccsccssccsscsscccvcceccscseccusccceussucuccucctscvscenceccusnscecenuseses 10-34 10 - 34 
28-Lead Dual-in-Line; Plastic (SOT-117D)........ccccsssscsecsscsucesescnncncerceccsceccscsecsceccececcessccescesensessess 10-35 10-35 
28-Lead Dual-In-Line; Ceramic (CERDIP) (SOT-135A) .......sccescessnsecccesanccsccessccecccesscsseccouccceccsasseess 10-35 10-35 
40-Lead Dual-in-Line; Metal Ceramic (CERDIL) (SOT-88) ..........cccessssscscecssccecsscsscccscscssecsnsuseasenees 10-36 10 - 36 
40-Lead Dual-in-Line; Metal Ceramic (CERDIL) (SOT-88B) ..............ccscncccccsneccncccnnscssesccnscesccuccsuces 10-36 10 - 36 
40-Lead Dual-In-Line; Plastic (SOT-129)1 .......ccscscscescecscesensesencncescescscrsusscceassnsscenceesesscessaseeesenses 10 -37 10 - 37 
40-Lead Dual-in-Line; Ceramic (CERDIP) (SOT-145) .........csscccscensencecscccusscncussnncensescesccsescessssaseuens 10-37 10 - 37 

Microminiature Package Outlines 
8-Lead Mini-Pack; Plastic (SO-8, SOT-9GA)..........csccccscsesnscscstscecesvenscscessccssecsasscncsceceseusenenseneusers 10-38 10-38 
8-Lead Mini-Pack; Plastic (VSO-8, SOT-176) ........cccccscsccnsscscceseccescccssccuenscenseuenscssscsescnuscseesenusones 10-39 10-39 


Signetics Linear Products 


Contents 

. VOL | VOL Il 
14-Lead Mini-Pack; Plastic (SO-14, SOT-108A) ...........sccsseccscececcececsceccensreccecersecessecusenaeceseucusaenecs 10-39 10-39 
16-Lead Mini-Pack; Plastic (SO-16, SOT-109A) .........:sccssccnsccsccccerccsccsncccccccosusesuscenacscessccevccevaceens 10-39 10-39 
16-Lead Mini-Pack; Plastic (SO-16L, SOT-162A) .............ccssssesccssecccssseecsesteccnssseescnenseececaseesouaesees 10-40 10 - 40 
20-Lead Mini-Pack; Plastic (SO-20, SOT-163A) ..........sscccsssccssnccccsecccessacccsnncceuscenssnsessunccencesecceeses 10-40 10-40 
24-Lead Mini-Pack; Plastic (SO-24, SOT-137A) ......cccccccccusnscscecececescecscenccecescucseccesesacsuccececscancncece 10-41 10-41 
28-Lead Mini-Pack; Plastic (SO-28, SOT-136A) ...........cccscesececceccccserecscsscscusnsonsusnsceseceeaesrersoneecees 10-41 10-41 
40-Lead Mini-Pack; Plastic (VSO-40, SOT-158A) .......ccccssccsecceccesccesscerscsccercasceneccusscnssnscesscceeteesens 10-42 10 - 42 
40-Lead Mini-Pack; Plastic (Opposite Bent Leads) (VSO-40, SOT-158B).........sscscsccvenssccccscveccceecsens 10-42 10-42 


SECTION 11-SALES OFFICES 
SECTION 12-FULL LINEAR PRODUCT LINE AND FORTHCOMING NEW PRODUCTS 


Please consult this section for a complete alpha-numeric listing of Signetics' Full Linear Product Line as well as a look at Forthcoming New 


Products. 
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*DACO8ED . 8-Bit D/A Converter 
*LF398D . Sample and Hold Amp 
LM1870D : Stereo Demodulator 
LM2901D . Quad Volt Comparator 
LM2903D - Dual Volt Comparator 
LM311iD - Voltage Comparator 
LM319D : High Speed Dual Comparator 
LM324AD - Quad Op Amp 
LM324D . - Quad Op Amp 
LM339D . Quad Volt Comparator 
LM358D - Dual Op Amp 
LM393D . Dual Comparator 
*MC1408-8D - 8-Bit D/A Converter 
MC1458D - Dual Op Amp 
MC1488D . Quad Line Driver 
MC1489AD )- Quad Line Receiver 
MC1489D - Quad Line Receiver 
MC3302D - Quad Volt Comparator 
MC3403D - Quad Low Power Op Amp 
NE4558D - Dual Op Amp 
*NE5008D - 8-Bit D/A Converter 
*NE5018D 8-Bit D/A Converter 
*NE5019D 8-Bit D/A Converter 
*NE5036D - 6-Bit A/D Converter 
NE5037D - 6-Bit A/D Converter 
NE5044D - Programmable 7-Channel Encoder 


NE5045D 
NE5090D 
NE5205D 
NE521D 
NE522D 
NE5230D 
NE527D 
NE529D 
NE532D 
*“NE544D 
*NE5512D 
*NE5514D 
NE5517D 
NE5520D 
*NE5532D 
*NE5533D 


NE5534AD 


NE5534D 
*NE5537D 
NE5539D 
NE555D 
NES556D 
NE5560D 
NE5561D 
NE5562D 
NE5568D 


7-Channel Decoder 

Address Relay Driver 

High Frequency Amp 

High Speed Dual Comparator 
High Speed Dual Comparator 
Low Voltage Op Amp 

High Speed Comparator 

High Speed Comparator 

Dual Op Amp 

Servo Amp 

Dual High Performance Op Amp 
Quad High Performance Op Amp 
Dual High Performance Amp 
LVDT Signal Conditioner Circuit 
Dual Low Noise Op Amp 

Low Noise Op Amp 

Low Noise Op Amp 

Low Noise Op Amp 

Sample and Hold Amp 

High Frequency Wideband Amp 
Single Timer 

Dual Timer 

SMPS Control Circuit 

SMPS Control Circuit 

SMPS Control Circuit 

SMPS Control Circuit 


*Non-standard pinout. 
(Please check 1985 Linear Data Manual for additional pinout information.) 
For information regarding additional SO products released since the publication of this document, contact your local Signetics sales office. 
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Part Number SMD Package 


NE558D Quad Timer 
NE5592D Dual Video Amp 


NE564D High Frequency Phase Locked Loop 
*NE565D Phase Locked Loop 
NE566D Function Generator 
NE567D Tone Decoder Phase Locked Loop 
NE571D Compandor 
NE572D Programmable Compandor 
*NE587D 7-Segment LED Driver (Anode) 
*NE589D 7-Segment LED Driver (Cathode) 
NE592D14 Video Amp 
NE592D8 Video Amp 
NE592HD14 High Gain Video Amp 
NE592HD8 High Gain Video Amp 
*NE594D Vacuum Fluorescent Display Driver 
NE602D Double Balanced Mixer/ Oscillator 
NE604D Low Power FM IF System 
NE612D Double Balanced Mixer/Oscillator 
NE614D Low Power FM IF System 
PCA1122TD LCD Watch Circuit 
*PCD3311TD DTMF/ Melody Generator 
PCD3312TD DTMF/Melody Generator 
PCD3315TD Repertory Pulse Dialer 
PCD3343TD Repertory Pulse Dialer 
PCD3360TD Progressive Tone Ringer 
PCD3361TD Progressive Tone Ringer 
*PCD5101TD Static RAM 
PCD5114TD 4K Static RAM 
PCD8571TD 1K Serial RAM 
PCFII71BTD — 4-Digit LCD Car Clock 
PCF1172BTD 31/2-Digit Car Clock 
PCF1251TD Micropower Voltage Detector 
PCF2100TD LCD Duplex Driver (40) 
PCF2110TD LCD Duplex Driver (60) 
PCF2111TD LCD Duplex Driver (60) 
PCF2112TD LCD Duplex Driver (32) 
PCF8570TD Static RAM (256 x 8) 
PCF8573TD Clock/Timer 
PCF8574TD Remote I/O Expander 
PCF8576TD ~MUX/Static Driver 
PCF8577TD 32-/64-Segment LCD Driver 
SA571D Compandor 
SA572D Compandor 
*SA594D Vacuum Fluorescent Display Driver 
SA602D Double Balanced Mixer/Oscillator 
SA604D Low Power FM IF System 
SAA1062ATD LCD Display Interface 
SAA3004TD R/C Transmitter 
~$G3524D SMPS Control Circuit 


TCA240DD Double Symmetrical Modulator/ 
Demodulator 


Op Amp 


TCAS20DD 


“Non-standard pinout. 


For information regarding additional SO products released since the publication of this document, contact your local Signetics sales office. 
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TCA770DD S$0-14 FM IF 

TDAO0820TD SO-14 Demodulator/ Mixer 
TDA1001BTD SO-16 Noise Suppressor 
TDA1005ATD SO-16 Stereo Decoder 
TDA7010TD SO-16 FM Radio Circuit 
TDA7020TD $O-16 FM Radio Circuit 
TDA7050TD SO-8 Mono/Stereo Amp 
TDB1080TD SO-16 FM IF 

TDD1742TD SO-28 Frequency Synthesizer 
TEA0653TD SO-20 Dual Dolby B 
TEAO665TD SO-28 Dolby B/C Noise Reduction 
TEA1010TD SO-8 Touch Dimmer 
TEA1058TD SO-8 Touch Dimmer 
ULN2003D SO-16 Transistor Array 
ULN2004D SO-16 Transistor Array 
pA723CD $O-14 Voltage Regulator 
pA741CD $O0-8 Single Op Amp 
pA747CD SO-14 Dual Op Amp 


“Non-standard pinout. 


For information regarding additional SO products released since the publication of this document, contact your local Signetics sales office. 
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FOR PREFIXES AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, vA, ULN 


Table 1 PART NUMBER DESCRIPTION 


PRODUCT 
FAMILY 


ORDERING INFORMATION 


Signetics’ Linear LSI integrated circuit pro- 
ducts may be ordered by contacting either the 
local Signetics sales office, Signetics represen- 
tatives and/or Signetics authorized distributors. 
A complete listing is located in the back of this 
manual. 


Minimum Factory Order: 
Commercial Product: 

$1000 per order 

$250 per line item per order 


Military Product: 
$250 per line item per order 


Table 1 provides part number information 
concerning Signetics originated products. 


Table 2 is a cross reference of both the old 
and new package suffixes for all presently 
existing types, while Tables 3 and 4 provide 
appropnate explanations on the various 
prefixes employed in the part number 
descriptions. 


As noted in Table 3, Signetics defines device 
operating temperature range by the appropri- 
ate prefix. It should be noted, however, that 
devices with a SE prefix (-— 55°C to + 125°C) 
indicates only its operating temperature 
range and not its military qualification status. 
The military qualification status of any Linear 
LSI product can be determined by either 
looking in the Military Section in this manual 
and/or contacting your local sales office. 
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PART 


NUMBER > 


NE5537N 


CROSS REF 
PART NO. 


Product Family 


Package Descriptions — See Table 2 


Device Number 


PRODUCT 
DESCRIPTION 


Sample & Hold Amp 


Description of 
Product Function 


LIN Analog Products 
MIL Military Products 


Device Family and Temperature Range Prefix—See Tables 3 & 4 


Table 2 PACKAGE DESCRIPTIONS 


— 


= 


H 


Z2222C2iX 02 


PACKAGE 
DESCRIPTION 


14-lead plastic DIL 

14-lead plastic DIL (Selected 
Analog products onty) 
16-lead plastic DIL 
Microminiature package (SO) 
14, 16, 18, 22 and 24-lead 
ceramic (Cerdip) DIL 

14, 16, 18, 22, 28 and 4-lead 
ceramic DIL 

10-lead TO-10G 

10-lead high-profile TO-100 
can 

24-lead plastic DIL 

10, 14, 16 and 24-lead 
ceramic flat 

8-lead TO-99 

SIL Plastic power 

8-lead plastic DIL 

18-lead plastic DIL 

20-lead plastic DIL 

22-lead plastic DIL 

28-lead plastic DIL 


Table 3 SIGNETICS PREFIX AND 
DEVICE TEMPERATURE 


DEVICE TEMPERATURE 
RANGE 


0° to + 70°C 


-— 55° to + 125°C 
0° to + 70°C 
— 55° to + 125°C 
- 40° to +85°C 


INDUSTRY STANDARD PREFIX 


ace DEVICE FAMILY 


Linear Industry Standard 
Linear Industry Standard 
Linear Industry Standard 


Mil Rel—Jan Qualified— 
Old Designator 


Mil Rel—Jan Qualified— 
New Designator 


Linear Industry Standard 
Linear Industry Standard 
Mil Rel—Jan Processed 

Linear Industry Standard 
Linear Industry Standard 
Linear Industry Standard 
Linear Industry Standard 
Linear industry Standard 
Linear Industry Standard 
Linear Industry Standard 
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FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, «AA 


ORDERING INFORMATION 


Signetics integrated circuit products may be 
ordered by contacting either the local 
Signetics sales office, Signetics representa- 
tives and/or Signetics authorized distributors. 


Minimum Factory Order: 
Commercial Product: 

$1000 per order 

$250 per line item per order 


Table 1 provides part number information con- 
cerning Signetics Europroducts integrated 
circuits. 


Table 2 provides package suffixes and descrip- 
tions for all presently existing types. Letters 
following the device number not used in Table 
2 are considered to be part of the device 
number. 


Table 3 provides explanations on the various 
prefixes employed in the part number descrip- 
tions. As noted in Table 3, Signetics 
Europroducts device operating temperature is 
defined by the appropriate prefix. 


OPERATING TEMPERATURE: 


The letters A to G give information about the 
operating temperature: 
: Temperature range not specified. 
See data sheet. 
e.g.: TDA2541N 
B: 0 to +70°C 
e.g.: PCB8573PN 
C: -55to +125°C 
e.g.: PCC2111PN 
D: -25to +70°C 
e.g.: PCD8571PN 
E: -25to +85°C 
e.g.: PCE2111PN 
F: -40to +85°C 
e.g.: PCF2111PN 
G: -55 to +85°C 
e.g.: PCG2111PN 


Table 1. PART NUMBER DESCRIPTION 


Part Cross Ref. 
Number Part No. 


Product 
Family 


Product 
Description 


Video |.F. Amplifier 
Description of 
Product Function 
Product Family Linear LSI 
Package Description — See Table 2 


Device Number 


Device Family and Temperature Range Prefix — See Tables 3 & 4 


Table 2. PACKAGE DESCRIPTION 


pSuttix Package Description 


8,14,16,18,20,24,28,40 — lead plastic DIL 
Microminiature Package (S.O.) 
14,16,18,22,24 — lead ceramic DIL 
Single-in-line plastic (SIL) and SIL power 
Metal Can 


Table 3. DEVICE PREFIX AND TEMPERATURE" 


Linear circuit 
Microcomputer 
Microcomputer peripheral 


CMOS Circuit 
NMOS Circuit 


Digital circuit 
Linear circuit 
Linear circuit 
Linear circuit 
Linear circuit 
Linear circuit 


“NOTE: 
The third letter of the prefix, in a three letter prefix, is the temperature designator. 
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SIGNETICS LINEAR QUALITY 
Signetics has put together a winning 
process for manufacturing linear circuits. 
Our standard is zero defects, and cur- 
rent customer quality statistics demon- 
strate our commitment to this goal. 


The circuits produced in the Linear Divi- 
sion must meet rigid criteria as defined 
by our design rules and as evaluated 
with a thorough product characterization 
and quality process. The capabilities of 
our manufacturing process are mea- 
sured and the results evaluated and 
reported through our corporate-wide 
QA05 data base system. The SURE 
(Systematic Uniform Reliability Evalua- 
tion) program monitors the performance 
of our product in a variety of accelerated 
environmental stress conditions. All of 
these programs and systems are intend- 
_ed to prevent product-related problems 
and to inform our customers and em- 
ployees of our progress in achieving 
zero defects. 


RELIABILITY BEGINS WITH THE 
DESIGN 

Quality and reliability must begin with 
design. No amount of extra testing or 
inspection will produce reliable ICs from 
a design that is inherently unreliable. 
Signetics follows very strict design and 
layout practices with its circuits. To elimi- 
nate the possibility of metal migration, 
current density in any path cannot ex- 
ceed 5x 10(fifth) amps/cm(sq). Layout 
rules are followed to minimize the possi- 
bility of shorts, circuit anomalies, and 
SCR type latch-up effects. Numerous 
ground-to-substrate connections are re- 
quired to ensure that the entire chip is at 
the same ground potential, thereby pre- 
cluding internal noise problems. 


PRODUCT CHARACTERIZATION 
Before a new design is released, the 
characterization phase is completed to 
insure that the distribution of parameters 


resulting from lot-to-lot variations is well 
within specified limits. Such extensive 
characterization data also provides a 
basis for identifying unique application- 
related problems which are not part of 
normal data sheet guarantees. 


QUALIFICATION 

Formal qualification procedures are re- 
quired for all new or changed products, 
processes and facilities. These proce- 
dures ensure the high level of product 
reliability our customers expect. New 
facilities are qualified by corporate 
groups as well as by the quality organi- 
zations of specific units that will operate 
in the facility. After qualification, prod- 
ucts manufactured by the new facility 
are subjected to highly accelerated envi- 
ronmental stresses to ensure that they 
can meet rigorous failure rate require- 
ments. New or changed processes are 
similarly qualified. 


QA05 - QUALITY DATA BASE 
REPORTING SYSTEM 

The QAO5 data reporting system col- 
lects the results of product assurance 
testing on all finished lots and feeds this 
data back to concerned organizations 
where appropriate action can be taken. 
The QA05 reports EPQ (Estimated Pro- 
cess Quality) and AOQ (Average Outgo- 
ing Quality) results for electrical, visual/ 
mechanical, hermeticity, and documen- 
tation audits. Data from this system is 
available on request. 


THE SURE PROGRAM 

The SURE (Systematic Uniform Reliabili- 
ty Evaluation) program audits/monitors 
products from all Signetics' divisions 
under a variety of accelerated environ- 
mental stress conditions. This program, 
first introduced in 1964, has evolved to 
suit changing product complexities and 
performance requirements. 


The SURE program has two major func- 
tions: Long-term accelerated stress per- 
formance audit and a short-term accel- 
erated stress monitor. Samples are se- 
lected that represent all generic product 
groups in all wafer fabrication and as- 
sembly locations. 


THE LONG-TERM AUDIT 

One-hundred devices from each generic 

family are subjected to each of the 

following stresses every four weeks: 

e High Temperature Operating Life: 
Tj = 150°C, 1000 hours, static 
biased operation. 


e High Temperature Storage: 
Tj = 150°C, 1000 hours 


e Temperature Humidity Biased 
Life: 85°C, 85% relative humidity, 
1000 hours, static biased 


THE SHORT-TERM MONITOR 
Every other week a 50-piece sample 
from each generic family is run to 72 
hours of pressure pot (20psig, 127°C, 
100% saturated steam) and 300 cycles 
of thermal shock (-65°C to +150°C) 


In addition, each Signetics assembly 
plant performs SURE product monitor 
stresses weekly on each generic family 
and molded package by pin count and 
frame type. Fifty-piece samples are run 
on each stress, pressure pot to 96 
hours, thermal shock to 300 cycles. 


SURE REPORTS 

The data from these test matrices pro- 
vides a basic understanding of product 
capability, an indication of major failure 
mechanisms and an estimated failure 
rate resulting from each stress. This data 
is compiled periodically and is available 
to customers upon request. 


Many customers use this information in 
lieu of running their own qualification 
tests, thereby eliminating time-consum- 
ing and costly additional testing. 
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RELIABILITY ENGINEERING 

In addition to the product performance moni- 
tors encompassed in the Linear SURE pro- 
gram, Signetics' Corporate and Division Reli- 
ability Engineering departments sustain a 
broad range of evaluation and qualification 
activities. | 


Included in the engineering process are: 


® Evaluation and qualification of new or 
changed materials, assembly/wafer-fab 
processes and equipment, product 

- designs, facilities and subcontractors. 


@ Device or generic group failure rate 
studies. 


@ Advanced environmental stress 
development. 


@ Failure mechanism characterization and 
corrective action/prevention reporting. 


The environmental stresses utilized in the 
engineering programs are similar to those 
utilized for the SURE monitor; however, more 
highly-accelerated conditions and extended 
durations typify these engineering projects. 
Additional stress systems such as biased 
_ pressure pot, power-temperature cycling, and 
cycle-biased temperature-humidity, are also 
included in some evaluation programs. 


FAILURE ANALYSIS 

The SURE Program and the Reliability Engi- 
neering Program both include failure analysis 
activities and are complemented by corpo- 
rate, divisional and plant failure analysis de- 
partments. These engineering units provide a 
service to our customers who desire detailed 
failure analysis support, who in turn provide 
Signetics with the technical understanding of 
the failure modes and mechanisms actually 
experienced in service. This information is 
essential in our ongoing effort to accelerate 
and improve our understanding of product 
failure mechanisms and their prevention. 


ZERO DEFECTS PROGRAM 

In recent years, United States industry has 
increasingly demanded improved product 
quality. We at Signetics believe that the 
customer has every right to expect quality 
products from a supplier. The benefits which 
are derived from quality products can be 
summed up in the words, lower cost of 
ownership. 


Those of you who invest in costly test equip- 
ment and engineering to assure that incoming 
products meet your specifications have a 
special understanding of the cost of owner- 
ship. And your cost does not end there; you 
are also burdened with inflated inventories, 
lengthened lead times and more rework. 
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SIGNETICS UNDERSTANDS 
CUSTOMERS' NEEDS 


Signetics has long had an organization of 
quality professionals, inside all operating un- 
its, coordinated by a corporate quality depart- 
ment. This broad decentralized organization 
provides leadership, feedback, and direction 
for achieving a high level of quality. Special 
programs are targeted on specific quaiity 
issues. For example, in 1978 a program to 
reduce electrically defective units for a major 
automotive manufacturer improved outgoing 
quality levels by an order of magnitude. 


in 1980 we recognized that in order to 
achieve outgoing levels on the order of 
100PPM (parts per million), down from an 
industry practice of 10,000PPM, we needed 
to supplement our traditional quality programs 
with one that encompassed all activities and 
all levels of the company. Such unprecedent- 
ed low defect levels could only be achieved 
by contributions from all employees, from the 
R and D laboratory to the shipping dock. In 
short, from a program that would effect a total 
cultural change within Signetics in our attitude 
toward quality. 


QUALITY PAYS OFF FOR OUR 
CUSTOMERS 


Signetics' dedicated programs in product 
quality improvement, supplemented by close 
working relationships with many of our cus- 
tomers, have improved outgoing product 
quality more than twenty-fold since 1980. 
Today, many major customers no longer test 
Signetics circuits. Incoming product moves 
directly from the receiving dock to the produc- 
tion line, greatly accelerating throughput and 
reducing inventories. Other customers have 
pared significantly the amount of sampling 
done on our products. Others are beginning 
to adopt these cost-saving practices. 


We closely monitor the electrical, visual, and 
mechanical quality of all our products and 
review each return to find and correct the 


- cause. Since 1981, over 90% of our custom- 


ers report a significant improvement in overall 
quality (see Figure 1). 


At Signetics, quality means more than work- 
ing circuits. It means on-time delivery of the 
right product at the agreed upon price (see 
Figure 2). 


ONGOING QUALITY PROGRAM 

The Signetics quality improvement program 
steers its employees toward ''Doing it Right 
the First Time.'' The intent of this innovative 
program is to change the perception of 
Signetics' ernployees that somehow quality is 
solely a manufacturing issue where some 
level of defects is inevitable. This attitude has 
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been replaced by one of acceptance of the 
fact that all errors and defects are prevent- 
able, a point of view shared by all technical 
and administrative functions equally. 


This program extends into every area of the 
company, and more than 40 quality improve- 
ment teams throughout the organization drive 
its ongoing refinement and progress. — 


Key components of the program are the 
Quality College, the ''Make Certain'' Pro- 
gram, Corrective Action Teams, and the Error 
Cause Removal System. 


The core concepts of doing it right the first 

time are embodied in the four absolutes of 

quality: 

1. The definition of quality is conformance 
to requirements. 

2. The system to achieve quality improve- 
ment is prevention. 

3. The performance standard is zero de- 
fects. 

4. The measurement system is the cost of 
quality. 


QUALITY COLLEGE 

Almost continuously in session, Quality Col- 
lege is a prerequisite for all employees. The 
intensive curriculum is built around the four 
absolutes of quality; colleges are conducted 
at company facilities throughout the world. 


"MAKING CERTAIN" - 
ADMINISTRATIVE QUALITY 
IMPROVEMENT 

Signetics' experience has shown that the 
largest source of errors affecting product and 
service quality is found in paperwork and in 
other administrative functions. The "Make 
Certain'' program focuses the attention of 
management and administrative personnel on 
error prevention, beginning with each employ- 
ee's own actions. 


This program promotes defect prevention in 
three ways: by educating employees as to the 
impact and cost of administrative errors, by 
changing attitudes from accepting occasional 
errors to one of accepting a personal work 
standard of zero defects, and by providing a 
formal mechanism for the prevention of er- 
rors. 


CORRECTIVE ACTION TEAMS 


Employees with the perspective, knowledge, 
and necessary skills to solve a problem are 
formed into ad hoc groups called Corrective 
Action Teams. These teams, a major force 
within the company for quality improvement, 
resolve administrative, technical and manu- 
facturing problems. 
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Defective Parts per Million 
in Thousands 
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Figure 1. Signetics' Quality Progress - 
Estimated Process Quality and Average 
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Figure 2. Performance To Schedule/On-Time Delivery - High and Low 


ECR SYSTEM 
(ERROR CAUSE REMOVAL) 


The ECR System permits employees to re- 
port to management any impediments to 
doing the job right the first time. Once such 
an impediment is reported, management is 
obliged to respond promptly with a corrective 
program. Doing it right the first time in all 
company activities produces lower cost of 
ownership through defect prevention. 


PRODUCT QUALITY PROGRAM 
To reduce defects in outgoing products, we 
created the Product Quality Program. This is 
managed by the Product Engineering Council, 
composed of the top product engineering and 
test professionals in the company. This 
group: 

1. sets aggressive product quality improve- 

ment goals; 
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2. provides corporate-level visibility and fo- 
cus on problem areas; 

3. serves as a corporate resource for any 
group requiring assistance in quality im- 
provement; and 

4. drives quality improvement projects. 


As a result of this aggressive program, every 
major customer who reports back to us on 
product performance is reporting significant 
progress. 


VENDOR CERTIFICATION 
PROGRAM 


Our vendors are taking ownership of their 
own product quality by establishing improved 
process control and inspection systems. They 
subscribe to the zero defects philosophy. 
Progress has been excellent. Through inten- 
sive work with vendors, we have improved 
our lot acceptance rate on incoming materials 
as shown in Figure 3. Simultaneously, waivers 
of incoming material have been eliminated. 


Higher incoming quality material to us en- 
sures higher outgoing quality products. 


QUALITY AND RELIABILITY 
ORGANIZATION 


Quality and reliability professionals at the 
divisional level are involved with all aspects of 
the product, from design through every step 
in the manufacturing process, and provide 
product assurance testing of outgoing prod- 
uct. A separate corporate-level group pro- 
vides direction and common facilities. 


Quality and Reliability Functions 
@ Manufacturing quality control 
® Product assurance testing 


@ Laboratory facilities - failure analysis, 
chemical, metallurgy, thin film, oxides 


® Environmental stress testing 
® Quality and reliability engineering 
@ Customer liaison 


COMMUNICATING WITH EACH 
OTHER 


For information on Signetics' quality pro- 
grams or for any question concerning product 
quality, the field salesperson in your area will 
provide you with the quickest access to 
answers. 


We are dedicated to preventing defects. 
When product problems do occur, we want to 
know about them so we can eliminate their 
causes. Here are some ways we can help 
each other: 


@ Provide us with one informed contact 
within your organization. This will 
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Figure 3. Lot Acceptance Rate From Signetics Vendors 
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establish continuity and build confidence © An advance sample of the devices in 


levels. 

© Periodic face-to-face exchanges of data 
and quality improvement ideas between 
your engineers and ours can help 
prevent problems before they occur. 


@ Test correlation data is very useful. 
Line-pull information and field failure 
reports also help us improve product 
performance. 

®@ Provide us with as much specific data’ 
on the problem as soon as possible to 
speed analysis and enable us to take 
corrective action. . 
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question can start us on the problem 
resolution before physical return of 
shipment. 


This team work with you will allow us to 
achieve our mutual goal of improved product 
quality. 


MANUFACTURING: DOING IT 
RIGHT THE FIRST TIME 

In dealing with the standard manufacturing 
flows, it was recognized that significant im- 
provement would be achieved by ‘doing 


MATERIAL WAIVERS 
1985 - (0) (Goal) 


1984- 0... 
1983- 0 
1982- 2 
1981 - 134 


every job right the first time,’ a key concept 
of the quality improvement program. During 
the development of the program many pro- 
found changes were made. Figure 4, Linear 


~ Flow, shows the results. 


The achievements resulting from the im- 
proved process flow have helped Signetics to 
be recognized as the leading Quality supplier 
of linear circuits. These achievements have 
also led to our participation in many Ship-to- 
Stock programs, which our customers use to 
eliminate incoming inspection. Such pro- 
grams reduce the user cost of ownership by 
saving both time and money. 
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WAFER 
FABRICATION 


DIE ATTACH 
WIRE BOND 
oO 


HERMETIC 
SEAL 
PLASTIC 
ENCAPSULATION 


SYMBOL 


100% 
ELECTRICAL TEST | ----------------------- 


| BURN IN 
OPTION 


100% 
ELECTRICAL TEST 
VISUAL 
INSPECTION =«s_ |_—s------------- 2-22 -ee 


OUTGOING 
QUALITY CONTROL | ----------------------- 


SHIPMENT 


SCANNING ELECTRON MICROSCOPE CONTROL 


Wafers are sampled daily by the Quality Contro! Laboratory from each fabrication area and subjected to 
SEM analysis. This process contro! reveals manufacturing defects such as contact and oxide step 
coverage in the metalization process which may result in early failures. 


DIE SORT VISUAL ACCEPTANCE 


Product is inspected for defects caused during fabrication, wafer testing, or the mechanical scribe and 
break operation. Defects such as scratches, smears and glassivated bonding pads are included in the lot 
acceptance criteria. 


PRE-SEAL VISUAL ACCEPTANCE 


Product is inspected to detect any damage incurred at the die attach and wire bonding stations. Defects 
such as scratches, contamination and smeared ball bonds are included in the lot acceptance criteria. 


SEAL TESTS 
Hermetic package seal integrity is ensured by fine 100% gross leak testing. 


SYMBOL 


Devices are marked with the Signetics logo, device number and date code or custom symbol per individual 
specification requirements. 


100% PRODUCTION ELECTRICAL TESTING 
Every device is tested to all data sheet parameters guaranteeing temperature specifications. 


BURN IN (SUPR fi LEVEL B OPTION) 
Devices are burned in for 21 hours at 155°C maximum Junction Temperature. 


100% PRODUCTION ELECTRICAL TESTING 
Every device is tested to all data sheet parameters guaranteeing temperature specifications. 


VISUAL 


All products are 100% visually inspected per the requirements specified in Signetics' or customer 
documents. 


FINAL QUALITY ASSURANCE GATE 


The final QA inspection step guarantees the specified mechanical and electrical AQL's. Every shipment is 
sealed and identified by QA personnel. 


Figure 4. Linear Division Linear Process Flow 
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Figure 5. Linear AOQ Average Outgoing Quality 
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Military Errata 


Effective January 1, 1985, this section has been superseded by the 1985 Military Products Data Manual. Information regard- 
ing this manual can be obtained from the Military Division in Sacramento. (916) 925-6700. 

Electrical specification herein as described for products with the “SE” prefix do not necessarily describe the performance 
characterization of military processed products. 
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Data Converters 


SYMBOMNS ANG ‘DOTNUMONS -ncccssccsdsescscacceveneccsecesdescesecsswsceccaswsscucteuassoseeavens sisensdsacscusseedeenerececussenyn 


Selector Guide 


Analog to Digital Converters 


SE/NE5030 10-Bit High Speed Microprocessor-Compatible Analog to Digital 
CONMVOITIOR a siss acter esk sh iccieessucebuawewdaicevencascuadeesuneateus seth easeeewdedvaned vovesseaces 
PCF8591 8-Bit A/D and D/A Converter ..........sccccccncceccncscnccesncnscncnccesccccenssesaesouses 
PNA7507 7-Bit Analog to Digital Converter (ADC 7) .........ssscsssscscseccessnccescccssnseneses 
TDA1534 14-Bit Analog to Digital Converter, Serial Output.............sccssssscessscessensees 
Digital to Analog Converters 
DACSs00 12-Bit D/A  CONVOUNGD iiss sic cdivccsdiveiceseciveisnsndes evigncasctsdeueacdancidecesadivesdacess 
SE/NE5018 8-Bit Microprocessor-Compatible D/A Converter..........scccsssccsscccssscossccncens 
SE/NE5019 8-Bit Microprocessor-Compatible D/A Converter..........cscsesccssssccesssenscecses 
NE5020 10-Bit Microprocessor-Compatible D/A Converter ...........cscccsesesessccescceenes 
NE5150 RGB Video D/A Converter ........cccsssccsccccnscnccsunccesncccessnccesnnccssnacensnesauace 
SAB3013 Six Function Analog Memory (6-Bit D/A Converter) ............sccssssssssessnneses 
PCF8591 8-Bit A/D and D/A Converter .........ccccscseccssccenccesccesccensncenncssncenscensesenes 
PNA7518 8-Bit Multiplying DAG ciicicc ces cccccisecsvicescsecedsccnsscscsascosecccieccscncessdscnacdssess 
TDA1540P,D 14-Bit D/A Converter, Serial Output............cscccsscccerscncnsnsccssncccensecssceesees 
Comparators 
SGIGCIOR UNDG isiisesssdadensicciccwsded pcuwnerctidsnaGedsuude vies sesiahurdanansdesunscaanndcedpensyeeskspeastVeubescepauycestatestes 
PCF1251 Micropower Voltage Detector ..........sccsssccscccccsccccccsnnccssnccensaccencnnceusenenes 
Drivers 
Symbols anid Devito: scsscvecdsesvas Sacecanccpa ceases caswievecdcnesvasedawseb cena wubucesonsseasschancscnadeneunesssecanssbinns 
MC 1488 Quad: Cine: Drivel sscscscciceiiedesanscwcasscssewastinuaisceviassciesassecsessesciecsescacsweense 
MC 1489/MC1489A Quad LING: ROCOIVGIS a. visiscins secs cciciciicccsccdestiecodardecteddeescesdavecsascdaavaieuens 
NE5090 Addressable Relay Driver ............cccsscsscssecsscnuscnscessccccecscccucususessenensonenns 
NE5170 Octal LING! DLV GR vscicsccisidiscecsestansceaiesidiciueiecesnesdssdscdsnsasceaisdscuveisinesceer 
NE5180/NE5181 Octal Lin@ ROCOWOIS cis iidsvicccdiciccincssesssanasesssnceddecavetciccescusassvacavssesanencws 
NE587 LED: DOCOGG6l/ DIIVGE ciicccccsicnsccccoccccsicccdsasavsccsadcessasseucadensicawaceadacecsanncené 
PCF1303T 18 Element LCD Bar Graph Display Driver .............cccscccsccssscsnscesccssonsees 
PCF8576 Universal LCD Driver for Low Multiplex Rates ...........cscssscccsceseccsscesseneace 
PCF8577 32/64 Segment LCD Driver for Automotive ............ccccsessscccssscescscosccensees 
SAA1060 LED Display/Interface Circult ............ccccesccseccessscccnscccccesscnence sweaussaseacess 
SAA1061 16-Segment: LED: Drivel ocscoicscceisandencsccrestav chi deccsccatssactinindvcsdedeasnceeteacaens 
SAA1062A LCD Display/Interface Circult ...........ccsscccecscccnccscccssccccccccncssensccusseeccsacers 
SAA1063 Fluorescent Dispiay/Interface Circuit ............ccceccsccceccccesscecscecnscccnscseceaes 
Position Measurement 
SE/NE5521 LVDE ‘Signal Conditlone tics ccc ccctessecssesseesivcccscasaesassveressscsmaseasdecucsanceasi 
Sample and Hold 
SyMbols. An Devnithons ie ivciscwascvdaiiienecenessiinascccsccvatnssaddcts ence scsedsnacdavscueceaceveenscanasecasgeesdsanseensseras 
TDA1535 High Performance Sample and Hold Amplifier ..............cccsesccscannceccncssecees 
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D/A and A/D Converter— Symbols and Definitions 


Absolute Accuracy Error 

Absolute Accuracy Error is the difference between the theoretical 
analog input required to produce a given output code and the actual 
analog input required to produce the same code. The actual input is a 
range and the error is the midpoint of the measured band and the 
theoretical band. 


Absolute Maximum Ratings 


The Absolute Maximum Ratings are the operating safe zones. 
Exceeding these limits could cause permanent damage to the device. 
The device is NOT guaranteed to operate at these limits. 


Conversion Speed 

Conversion Speed is the speed at which a converter can make repeti- 
tive conversions. 

Conversion Time 


Conversion time is the time required for a complete conversion cycle 
of an ADC. Conversion time is a function of the number of bits and the 
clock frequency. 


Differential Non-Linearity (DNL) 


Differential Non-Linearity of a DAC is the deviation of the measured 
output step size from the ideal step size. In an ADC it is the deviation 
in the range of inputs from 1 LSB that causes the output to change 
from one given code to the next code. Excessive DNL gives rise to 
non-monotonic behavior in a DAC and missing codes in an ADC. 


Differential Non-Linearity Tempco 

Differential Non-Linearity Tempco is the temperature coefficient of 
DNL and specifies how DNL changes with temperature. 

Full Scale Tempco 


Full Scale Tempco in a DAC is the change of full scale output with a 
change of temperature. In an ADC it is the change in the input 
required to cause full scale transistion. Expressed in ppm/degree C. 


Gain Error 


Gain Error is the error of the slope of the line drawn through the mid- 
points of the steps of the transfer function as compared to the ideal 
slope. It is usually measured by determining the error of the analog 
input voltage to cause a full scale output word with the ideal value that 
should cause this full scale output. This: gain error is usually 
expressed in LSB or in percent of full scale range. 


Hysteresis Error 

Hysteresis Error is the code transition voltage dependence relative to 
the direction from which the transistion is approached. 

Integral Non-Linearity 

Integral Non-Linearity is the difference between the ideal transfer 
characteristic and the actual characteristic. 

Least Significant Bit (LSB) 

The Least Significant Bit is the lowest order bit, or the bit with the 
least weight. 

Missing Code 


A Missing Code is a code combination that does not appear in the 
ADC’s output range. 


Monotonicity 


A DAC is monotonic if its output either increases or remains the same 
when the input code is incremented from any code to the next higher 
code. 


Most Significant Bit (MSB) 


The Most Significant Bit is the highest order bit, or the one with the 
most weight. 


Offset Error 


Offset error is the constant error or shift from the ideal transfer 
characteristic of a converter. In a DAC it is the output obtained when 
that output should be zero. In an ADC it is the difference between the 
input level that causes the first code transistion and what that input 
level should be. 


Output Voltage Compliance 


Output Voltage Compliance of a current output DAC is the range of 
acceptable voltages at the DAC output for the DAC output current to 
remain within its specified limits. 


Power Supply Sensitivity 

Power Supply Sensitivity of a DAC is the change of output current or 
voltage with changes in the power supply voltage. In an ADC, it is the 
change in the transistion points from code to code with changes in the 
power supply voltage. 


Quantizing Error 


In an A/D converter there is an infinite number of possible input 
levels, but only 2" output codes (n = number of bits). There will, there- 
fore, be an error in the output code that could be as great as ‘/2 LSB 
because of this quantizing effect. The greatest error occurs at the 
transistion point where the output state changes. 


Relative Accuracy 


Relative Accuracy is a measure of the difference of the theoretical 
output value with a given input after any offset and gain errors have 
been nulled out. 


Resolution 
Resolution is the number of bits at the input or output of an ADC or 
DAC. It is the number of discrete steps or states at the output and is 


equal to 2" where in is the resolution of the converter. However, n bits 
of resolution does not guarantee n bits of accuracy. 


Setting Time 


Setting Time is the delay in a DAC from the 50 percent point on the 
change in the input digital code to the effected change in the output 
signal. It is expressed in terms of how long it takes the output to settle 
to and remain within a certain error band around the final value and is 
usually specific for full scale range changes. 


Transfer Characteristic 


The Transfer Characteristic is the relationship of the output to the 
input. 


NOTE: 


Refer to Section 9 (Interface Circuits) for an in-depth explanation of 
data converters and their applications. 
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Converter Selector Guides 


D/A CONVERTERS | 
speeD | OUTPUT | int. | package | TEMPERATURE RANGE. 

BITS | ACC.%| (Ws) | V | 1 | REF. | N | D | F | Comt {| mi | COMMENTS 
Mci40e7 | 6 | 039 | oo7 | | xt ot tx} oPxp ot 
mcraes | 8 | 019 | oo | [xf | |x |x]x] x || 
cies | 8 | o19 | oo | |x| || | [x] | x | 
[pacos | 8 | oi | oo | |x| || | |x] | x 
fpacoaa [| a | o10 | oor | |x| || | |x} | x 4 
ee 
[pacoee [8 [019 | oor | [xf [| [x |x]x | x || 
pacoey |e | 010 | oo | |x] | [x | [x] x ~~ 4 
INESOI8 =| 8 | o19 | o2 |x} | x} x {x} txt x fo fo 
sesoig | 8 | O19 | o2 [xt | xt x {| ff txt if x fo 
NEsoI9 =| 8 | o10 | o2 |x| |x| x |x ft [x] x fff 
sesoig =| 8 | O10 | o2 |x} | xt x | of Txt | 
NEs118 =| 8 | o19 | 23 | | xt x} x |x} opxt x | ff 
sesiie =| 8 | o19 | 23 | | xi xt x | of txt | x 
INES119 =| 8 | O10 | 23 | | x} xt x |x to otxt x ft 
sesti9 =| 8 | oto | 23 | | xt xt x | of txt x 
Nes020 | 10 | o10 | 5o |x| | x{x {xf |x} x ft | | 
INES4i0 | 10 | 005 | o25 | |x| of {| [| |x} x J | +%-sB ont | 
SES410 | 10 | 005 | 025 | | x} of | | txt | x | 4 tsB ONt | 
Mc34io_ | 10 | 005 | 025 | | x} of | | |x} x | | +%tsB DNL | 
Mc3510_ | 10 | 005 | 02 | | xt | of | ET xX | CU XY #% LSB DNL | 
AMeO12 | 12 | 005 | 025 | | x| | | | |x} x | | +1tsB ONL _| 
pmo pore aah 

7/2 


SPEED STATE INT. INT. RANGE 
pevice [errs | acc. | Gs) | v | 1 | oureur | per | ciock | w| F | Fe | com, | mt | 
jNesosa = | @ | oto | om | fx x TU ke ee 
| NESOS6 


| Apcososa | @ | o19 | 7s |x] ot x foo} x TT txt te 7 
| Apcosoa1 | 8 | 099 | 7s | xi | x | of x | txt fT * | 
| Avcosos1 | 8 | 039 | 73 |x i of x | x] x | txt T * Tf 


Note: 
1. Automotive temperature range: -— 40 to +85°C 


September 1985 4-4 


Signetics Linear Products 


40-Bit High Soeed Microprocessor-Compatible 
Analog to Digital Converter 


DESCRIPTION 

The SE/NE5030 is a monolithic 10-bit, 
microprocessor compatible Analog-to- 
Digital Converter which is manufactured 
on a high speed bipolar process using 
thin film resistors. The conversion pro- 
cess is a new multi-step technique which 
combines parallel conversion and suc- 
cessive approximation, allowing com- 
plete 10-bit conversion in just 2.5 micro- 
seconds at the maximum 3MHz clock 
rate. The fast conversion rate makes the 
SE/NE5030 excellent for a wide range 
of applications where system throughput 
sampling rates up to 360KHz are re- 
quired. 


FEATURES 
e Microprocessor compatible 


e Fast conversion (2.5usec) 
e Relative accuracy 1/4 LSB typical 
e 2.5 volt signal input range 


e Accomodates either unipolar or 
bipolar input 


e TTL compatible digital inputs/ 
outputs 


e No missing codes over temp 
range 


e Three state outputs 
e High impedance analog input 


e Low TC internal reference 
(5ppm/°C typical) 


APPLICATIONS 
e Process control 


e Test and measurement 

e Machine tools 

e Robotics 

e Industrial monitoring 

e High speed waveform digitizing 
e High speed correlators 


Advance Information 


SE/NES030 


PIN CONFIGURATION 


F PACKAGE 


TOP VIEW 


Cp01281S 
* Make no external connection 


ORDER NUMBERS 
NE5030F, SE5030F 
DESIG- 


NATION FUNCTION 


Vaer out 2.5V reference output voltage of the 
temperature compensated internal 
reference, 

Vrer in. Reference input for the converter. 
(Connect pin 1 to pin 2 or connect an 
external 2.500V reference voltage to pin 
2 


) 

Make no external connection. 

Vee -5V (+5%) negative supply pin. 
Vin Analog input voitage. 
Unipolar range OV to +Vrer 
Bipolar range -Vpe_er/2 to + Veaer/2 
ANA COM Analog common point to which all Analog 
signals are to be referenced. 
DIG COM Digital common point to which all digital 
signals are to be referenced. 
BIPOLAR Logic input for selecting either unipolar or 
bipolar mode of operation. 
Logic high selects unipolar mode 
Logic low selects bipolar mode 
CLOCK _ Single phase clock signal input 
START _ Start signal input. Low-going edge initiates 
a conversion cycle. 

Chip Select. Must be low to enable 
conversion or read output data. 

Logiclow causes normal operation 
(enables operation) 

Logic high inhibits conversion and 
holds output data lines in high 
impedance mode 

Output enabie. 

Logic low when CS is low enables output 
buffers 

Logic high puts outputs into the high 
impedance state 

End of Conversion output signal. This 
output voitage goes low after the end of 
a conversion. This output voltage is 
reset to a logic high by a low level on the 

pin. 

Three-state buffer outputs (D9 is MSB, DO 
is LSB). When OE is low, the converted 
data word is available at these pins. 

+5V (45%) positive supply voltage pin. 
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10-Bit High Speed Microprocessor-Compatible 


Analog to Digital Converter SE/NES030 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING UNIT | 
+8 v 


Digital output pins applied voltage 
to logic high outputs 


Digital output sink current 


Operating temperature range 
NE5030 0 to +70 
SE5030 -55 to +125 


Storage temperature range 


Power dissipation 


BLOCK DIAGRAM 


truce scace = Vaer/R 


BANDGAP 1 
VOLTAGE Zz 
REFERENCE 

COMPARATOR 

2 

ae DECODER 

atid COMPARATOR 

3 

10 BIT D/A iS 


SUCCESSIVE 
CONTROL APPROXIMATION 
LOGIC REGISTER (SAR) 


DIGITAL 
GND 
i 


END 
OF CONVERSION) 
= 
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10-Bit High Soeed Microprocessor-Compatible 


Analog to Digital Converter SE/NESO30 


DC ELECTRICAL CHARACTERISTICS Voc =5V, Vee =-5V, Ta=0 to 70°C for NE5030, Ta =-55 to +125°C for SE5030, 


Fotxk <3MHz, unless otherwise noted. 


PARAMETER CONDITIONS 
[Reson dC 


UNITS 


I+ 
_ 
~ 
pS 
I+ 
_ 
~ 
NO 
[— 
o2) 
w 


Code width error 


Ta = 25°C +4 +2 LSB 
. EU Seale Onl cof over operating temp range Ls +4 +5 LSB 


DNL Differential linearity error? 
FS 


Ta = 25°C 
Evos Unipolar offset error over operating temp range 


Ta = 25°C 


Epos Bipolar offset error over operating temp range 


Analog input range 
Unipolar 
Bipolar 


BIPOLAR = 2.0V 
BIPOLAR = 0.8V 


VREF Reference voltage output Ta = 25°C 2.495 | 2.500 


ste ; + 1.25 +2.5 mV 
TCrer § Reference voltage drift over operating temp range (+ 10) (ppm/°C) 


IL (REF) | Reference external load 


3 


3 


B 

ZiN 

IREF IN Reference input current Vrer in = 2.5V 

Voc Pos supply operating range Pee ly eee 4.75 
SR 
cc 
EE 


| 
ee Voc = 4.75 to 5.25V 
P Power supply rejection Ver = -4.75 to -5.25V 
i Positive supply current Voc = 5.25V, Veg = -5.25V 
| Negative supply current Voc = 5.25V, Veg = -5.25V 


Logic inputs 


Logic 1 input current 


Vin = 2.4V, over operating 
temp range 


Vit = 0.4V, Ta = 25°C 
Vit = 0.4V, over operating 
temp range 


hy 


Logic 0 input current 


Logic outputs 


VoH Logic 1 output voltage lon =-400uA, CS = OE = 0.8V 
VoL Logic 0 output voltage lo. = 1.6mA, CS = OE = 0.8V 


OE = 2.0V, Vo. = OV or 5V, 
Ta = 25°C 

OE = 2.0V, Vo. = OV or 5V, 

over temp 


loz Three-state leakage 


NOTES: 

1. Specifications given in LSB refer to the weight of the least significant bit at the 10-bit level, which is 0.1% of the full scale voltage. 

2. Relative accuracy is defined as the deviation of the actual code transition points from a straight line drawn between the first code transition point and 
the final code transition point. 

3. Resolution for which the device is guaranteed to have no missing codes. 

4. Deviation of the reference voltage output over the operating temperature range from its 25°C value. 

5. Maximum change in the final code transition point. This will also result in a linear change in all lower order codes. 
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10-Bit High Soeed Microprocessor-Compatible 7 
Analog to Digital Converter sie SE/NES030 


AC ELECTRICAL CHARACTERISTICS Vcc = 5V, Vee =-5V, Ta = 25°C, Fork = 5MHz 


| PARAMETER =| TO_| ‘FROM | EDGE | 

| Fox Max clock frequency | | | 

[twop Pos clk pulse width =| | | 

[twon Neg clk pulse with = | | | 

| toonv Conversion ime | | | 
ts 


Set-up time 


— 
<a 
a 


tp (3-STATE) Disable time 


tp (Epc) | Propagation delay 


NOTES: 
1. Maximum clock frequency. Subject to change before product release. 
2. Frequency in MHz. 


TIMING DIAGRAM 


. 
a [en Ses Het 
| 
SE SS ee SE 
——_SSGSGQvJ TO 


——_ SSG [__ 


—_ RX LI 
= 


ss 


AFO1580S 


* Timing diagram shows internal logic operation for the sake of short cycle operation. Data outputs are in Hi-2 state until OE and CS are both 
brought to a logic low. 
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10-Bit High Speed Microprocessor-Compatible 
Analog to Digital Converter 


SE/NES5030 


CIRCUIT DESCRIPTION 

The SE/NE5030 is a microprocessor compat- 
ible, high speed, 10-bit Analog-to-Digital con- 
verter. The device uses a new multi-step 
parallel conversion scheme! which deter- 
mines two bits of the digital word in each 
conversion step, permitting a fast 2.5 micro- 
second conversion time. 


Refer to the block diagram. The fullscale 
current of the DAC is Vaer/R. When conver- 
sion is initiated, the successive approximation 
register (SAR) directs the two MSB currents 
of the DAC (9 and 18) tq lo and the remaining 
bit currents of the DAC (including the DAC R/ 
2R termination current) to lo1. This divides 
the input signal range into four equal subrang- 
es. The three latched comparators determine 
into which of these subranges the input 
voltage falls. The decoded outputs of these 
comparators determine the two MSBs (D9 
and D8), which are stored in the SAR. 


In each subsequent step, the SAR controls 
the DAC such that the complement of the 
previously determined bits are directed 
through lo2; the bits currently being deter- 
mined are directed through lo, and the re- 
mainder of the bits are directed through lo1. 
In this manner the subrange containing the 
analog input voltage in the previous step is 
divided into four smaller subranges and two 
bits of the digital output are determined. At 
the end of five steps the SAR contains a 10- 
bit binary code which accurately represents 
the input signal to within + 1/2 LSB. 


FUNCTIONAL DESCRIPTION 

With an external clock signal connected to 
the CLOCK IN pin, CS at a logic low, and OE 
at a logic high, a conversion cycle is initiated 
with the application of an external start pulse 
applied to the START pin. The SAR se- 
quences through the conversion as described 
above. At the end of the conversion, the end- 
of-conversion flag (EOC) goes low. The EOC 
flag can be used to interrupt a microproces- 
sor or otherwise notify a processor or control- 
ler that a conversion is completed. OE may 
then be forced low (while holding CS low), 
enabling the three-state output buffers so that 
the converted word may be read. Bringing the 
OE pin low while the CS pin is low also resets 
the EOC flag to a logic high. It is recom- 
mended that OE be brought to a logic high 
prior to the application of another START 
pulse. If OE were to remain low during a 
conversion, the output buffers would be en- 
abled and would switch states during the 
conversion. This switching can couple into 
the analog input through parasitic capaci- 


tances, causing erroneous conversion re- 
sults. 


The application of another START pulse 
while a conversion is in progress will halt the 
conversion in progress and begin a new 
conversion cycle. If a START pulse is re- 
ceived while the CS input is at a logic high, 
that START pulse is ignored. The outputs will 
be in the high impedance state as long as 
either CS or the OE input is at a logic high. 


LOGIC INPUTS AND OUTPUTS 
All the logic inputs (BIPOLAR, CLOCK IN, 
START, CS, OE) respond to TTL level signals 
and present one LS TTL load to the driving 
source. The logic outputs are capable of 
driving two TTL loads. If long digital lines or a 
heavily loaded bus must be driven, external 
logic buffers are recommended. 


VOLTAGE REFERENCE 

The internal voltage reference (2.5V + 0.2%) 
is of a second order-corrected design. The 
output voltage is trimmed at the wafer level by 
the ''Zener zap" technique to have a temper- 
ature coefficient of less than +10 ppm/°C 
(average) over the operating temperature 
range. Vrer out (pin 1) and Vrer out (pin 2) 
are not internally connected and should be 
connected together close to the device. The 
voltage reference output (pin 1) can provide 
up to 2mA to an external load for other 
system applications. The current drawn by 
any external load must remain constant dur- 
ing a conversion. 


ANALOG INPUT 

The analog input voltage to ge digitized is 
connected between Vin (pin 5) and Analog 
Common (pin 6). The device operates in 
either a unipolar mode (input range of 0 to 
Vrer) or in a bipolar mode (input range of 
-Vrer/2 to +Vper/2). The TTL compatible 
BIPOLAR input is used to select the mode. 


When the BIPOLAR input is high, the device 
operates in the unipolar mode. The input 
range is then 0 to + Vr_er (2.5V nominal). The 
nominal value of the LSB is 2.44mV. The SE/ 
NE5030 is designed to have a 1/2 LSB offset 
so that the analog input exactly correspond- 
ing to a given code will fall in the center of 
that code's input range. Thus, the ideal input 
voltage to cause the first transition (from 00 
0000 0000 to 00 0000 0001) will occur for an 
input voltage of 1.22mV, and the final transi- 
tion (from 11 1111 1110 to 11 1111 1111) will 
ideally occur for an input voltage of 


2496.34mV, or 1.5 LSB below the 2.5V refer- 
ence. 


For bipolar operation, the BIPOLAR input is 
set to a logic low. This shifts the transfer 
curve of the A/D by Vprer/2 so that the input 
voltage range is now —(Vrer/2) to + (VRer/ 
2), or (~1.25V to + 1.25V nominal). The ideal 
transition of code from 00 0000 0000 to 00 
0000 0001 occurs at an input of -1248.78mV, 
and the final code transition (11 1111 1110 to 
11 1111 1111 occurs at 1246.34mvV. 


The high input impedance of the SE/NE5030 
analog input simplifies the requirements of 
the signal source driving the SE/NE5030, 
eliminating the need for specialized drive 
Circuitry. 


POWER SUPPLY DECOUPLING 
AND LAYOUT 


CONSIDERATIONS 

Since one LSB of the SE/NE5030 input is just 
2.44mV, good layout and grounding tech- 
niques are crucial to attaining optimum perfor- 
mance. 


The power supplies should be filtered, well 
regulated, and free of high frequency noise. 
Use of noisy supplies will cause unstable 
output codes to be generated. The power 
supplies should be bypassed to Analog Com- 
mon with tantalum or electrolytic capacitors in 
parallel with a small, high frequency bypass. 
Suitable bypasses would be 22uF electrolytic 
capacitors with 0.1yF ceramic capacitors in 
parallel with them. These capacitors should 
be located close to the device. 


Analog Common and Digital Common are not 
connected internally and should be connect- 
ed together as close to the device as possi- 
ble. Low impedance analog and digital com- 
mon returns are important for optimum perfor- 
mance. The power supply returns should be 
connected to the Digital Common of the 
device. The Analog Common is the ground 
reference point for the internal voltage and 
should be connected directly to the Analog 
Common reference point of the system. 


Coupling between the digital lines and the 
Analog Input should be minimized by careful 
printed circuit board layout. The layout should 
attempt to locate the analog circuitry and their 
interconnections as far from the logic circuitry 
as is possible. Use of wire wrap techniques or 
plug-in type boards is not recommended. 


NOTE: 

1. M. Kolluri: "A Multi-Step Parallel 10-Bit 1.54Sec 
ADC," ISSCC Digest of Technical Papers , p 
60-61; Feb 1984. 


September 1985 


Signetics Linear Products 


8-Bit A/D and D/A Converter 


DESCRIPTION | 
The PCF8591 is a single chip, single 
supply, low power 8-bit CMOS data ac- 
quisition device. It contains an 8-bit suc- 
cessive approximation analog to digital 
converter, a four channel analog multi- 
plexer and a digital to analog converter. 
The four analog inputs can be pro- 
grammed as two differential inputs or 
four single-ended inputs. PCF8591 has a 
serial I°C interface which allows for a 
maximum bus frequency of 100K bits per 
second. 
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FEATURES 
e Single power supply 


e Operating voltage 2.5V to 6V 
e Low power consumption 
© Serial I7C bus 


e Four analog inputs programmable 
as two differential or four single- 
ended 


e On-chip sample and hold 


APPLICATIONS 
e Control systems 


e Low power converter for remote 
data acquisition PIN SYMBOL 


e Automotive SN 
e Audio and T.V. 


PIN CONFIGURATION 


TOP VIEW 
CD013808 


FUNCTION 
Analog input (A/D 
converter) 
Analog input (A/D 
converter) 
Analog input (A/D 
converter) 
Analog input (A/D 
converter) 
Hardware address pin 
Hardware address pin 
Hardware address pin 
Negative supply 
°C Bus data line 
*C Bus clock fine 
Oscillator 
Testpin 
Analog ground (reference 
ground) 
Reference voltage 
Analog output (D/A 
converter) 
Positive supply 
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8-BIT A/D And D/A Converter PCF8591 


BLOCK DIAGRAM 


Gq p 
12C BUS INTERFACE 
STATUS REGISTER DAC DATA REGISTER ADC DATA REGISTER 


SUCCESSIVE APPROXIMATION 
REGISTER/LOGIC 


BD01120S 


For additional information, consult the Applications Section. 
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7-Bit Analog to Digital Converter (ADC 7) : PNA7507 


GENERAL DESCRIPTION 


The PNA7507 is a monolithic NMOS 7-bit analogue-to-digital converter (ADC) designed for video 
applications. The device converts the analogue input signal into 7-bit binary coded digital words at a 
sampling rate of 15 MHz. 


The circuit comprises 129 comparators, a reference resistor chain, transcoder stages, and TTL output 
buffers which are positive edge triggered. The digital output is selectable in two’s complement or 
binary coding. 


The use of separate outputs for overflow and underflow detection facilitates full-scale driving. 


Features 


7-bit resolution 

Digitizing rates up to 15 MHz 

No external sample and hold required 
High input impedance 

Binary or two’s complement TTL outputs 
Overflow and underflow outputs 

Low reference current (200 yA typ.) 
Positive supply voltages (+ 5 V/+ 12 V) 
Low power consumption (350 mW typ.) 
Standard 24 pin package 


Applications 


High-speed A/D conversion 
Video signal digitizing 

Radar pulse analysis 
Transient signal analysis 
High energy physics research 


QUICK REFERENCE DATA 


Supply voltage range (pins 3, 12, 23) Vpp 4,75 to 5,25 V 
Supply voltage range (pin 24) VoD 11,4 to 12,6 V 
Supply current (pins 3, 12, 23) IDp typ. 40 mA 
Supply current (pin 24) IDD typ. 12 mA 
Reference voltage LOW (pin 20) Vref ‘min. 2,4 V 
Reference voltage HIGH (pin 4) VrefH max. 5,2 V 
Linearity (+ 0,4% full scale) + % LSB 
Bandwidth (—3 dB) B min. 6 MHz 
Clock frequency foLK max. 15 MHz 
Total power dissipation Prot _ typ. 350 mW 
PACKAGE OUTLINE 


24-lead DIL; plastic (SOT-101A). 
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7-Bit Analog to Digital Converter (ADC 7) 


reference 
voltage 15 MHz select 
HIGH clock input two's complement 
(VretH) (foLK) (STC) 


PNA7507 


overflow 


bit 6 


bit 5 


bit 4 


bit 3 


bit 2 


bit 1 


bit 0 


underflow 


CBB A 
reference analogue 100 ‘DD analogue VoD digital 
voltage voltage 
LOW input 1 

‘7 


(Vref L) (V)) 


50nF 


Note 


All three pins 3, 12 and 23 must be connected to positive supply voltage + 5 V. 


Fig. 1 Block diagram. 


4-13 


to (#12V) ground = (+5V) = ground WEE 


Aavance Information 


digital 
voltage 
outputs 


(Vo) 


PNA7507 
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7-Bit Analog to Digital Converter (ADC 7) PNA7507 


PINNING 
1 Vi. analogue voltage input 
2 AGND analogue ground 
3 Vpp positive supply voltage (+ 5 V) 
4 VrefH reference voltage HIGH 
5 STC select two’s complement 
6 OVFL overflow 
7 bit 6 most-significant bit (MSB) 
8 bit 5 
9 bit 4 
PNA7507 10 bit 3 
11 bit 2 
12. Vpp positive supply voltage (+ 5 V) 
13 DGND _ digital ground 
14. fork «15 MHz clock input 
15 bit 1 
16 bit O least-significant bit (LSB) 
17 UNFL ~~ underflow 
18 n.c. not connected 
7Z80488 19 VBB back bias output 
| 20 VrefL _—sreference voltage LOW 
Fig. 2 Pinning diagram. 21 n.c, not connected 
22 n.c. not connected 
23 Vpp positive supply voltage (+ 5 V) 
24 Vop positive supply voltage (+ 12 V) 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage range (pins 3, 12, 23) | Vpp —0O,5to +7 V 
Supply voltage range (pin 24) Vpop —0,5to +13,5 V 
Input voltage range Vy —0,5 to +7 V 
Output current lo 5 mA 
Total power dissipation Prot tof mW 
Storage temperature range T stg —65to +150 °C 
Operating ambient temperature range Tamb —10to +80 °C 
HANDLING 


Inputs and output are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices (see ‘Handling 
MOS Devices’). 
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7-Bit Analog to Digital Converter (ADC 7) _ PNA7S07 


CHARACTERISTICS 


Vpp5= V3, 12, 23-13= 4,75 to 5,25 V; Vpp12 = V24-2 = 11,4 to 12,6 V; Cap = 100 nF; 
Tamb = 0 to + 70 °C; unless otherwise specified 


Supply 
Supply voltage (pins 3, 12, 23) 
Supply voltage (pin 24) 


Supply current (pins 3, 12, 23) 
Supply current (pin 24) 


Reference voltages 
Reference voltage LOW (pin 20) 
Reference voltage HIGH (pin 4) 
Reference current 


Inputs 

Clock input (pin 14) 

Input voltage LOW 

Input voltage HIGH 

Digital input levels (STC, pin 5)* 
Input voltage LOW 

Input voltage HIGH 

Input leakage current (not STC) 


Analogue input levels (pin 1) 
at VrefL = 2,5 V; VrefH a 5,1 V 


Input voltage amplitude 
(peak-to-peak value) Vi(p-p) 


Input voltage (underflow) Vy 
Input voltage (overflow) Vy 
Offset input voltage (underflow) Vi-VrefL 


Offset input voltage (overflow) Vi-VrefH 


Input capacitance C4.2 


Outputs 


Digital voltage outputs 
(pins 6 to 11 and 15 to 17) 


Output voltage LOW 
atlo =2mA 


Output voltage HIGH 
at —l9o =0,2 mA 


When input voltage is LOW binary coding is selected; when input voltage is HIGH two’s complement 
is selected; if pin 5 is open-circuit the input is HIGH. For output coding see Table 1. 
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7-Bit Analog to Digital Converter (ADC 7) ae i os ¢ PNA7507 


Table 1 Output coding (Vref, = 2,5 V; Vrety = 5,08 uP 


V4.2 ene two" s pee 


| steps 
| 2—125 


127 
overflow 


CHARACTERISTICS (continued) 


VDD5 = V3, 12, 23-13 = 5.0 V; Vop12 = V24-2 = 12,0 V; VretL = 2,5 V; Vref = 5,1 V; 
Cpp = 100 nF; Tamp = 0 to + 70 °C; unless otherwise specified 


Timing (see also Fig. 3) 
Clock input (pin 14) 
Clock frequency 

Clock cycle time LOW 
Clock cycle time HIGH 


Input rise and fall times (note 1) 
rise time 
fall time 


Analogue input (pin 1) 

Bandwidth (—3 dB) 

Aperture time delay (note 2) 

Aperture jitter time 

Digital outputs (note 3) 

Output hold time ns 
Output delay time ns 
Internal delay clocks 


Propagation delay time 
at foLk = 13,5 MHz ns 


Transfer function 


Linearity, integral and differential 
(+ 0,4% full scale) 


Notes see next page. 
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7-Bit Analog to Digital Converter (ADC 7) PNA7507 


Notes to timing characteristics 
1. Clock input rise and fall times are at the maximum clock frequency (15 MHz). 


2. The aperture time delay is referenced to the peak-to-peak value of the analogue input voltage at 
Vi(p-p) = 2,6 V (full scale); f = 5 MHz. 


3. The timing values of the digital outputs at pins 6 to 11 and 15 to 17 are measured with the clock 
input reference level at 1,5 V. 


ty >| |e >ItHIGH > i 


CLOCK INPUT 
(pin 14) 


clock input 


reference level 
Cf 8s 


SAMPLE 
N+5 
SAMPLE : 
N 
y SAMPLE 
ANALOGUE INPUT N+4 


(pin 1) 


$ 


3tcy ————> 
tpg 


tHOLD?>| je 


y sr 2,0. 
N N+1 I7/4 
i 


0,8V 


DIGITAL OUTPUTS DATA DATA 
(pins 6 to 11 and 15 to 17) N-2 N-1 


tg > 7280491 


Fig. 3 Timing diagram. 
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APPLICATION INFORMATION 


clock input O 


4,5 
HEX 


INVERTER 


FIXED +VE 


OUTPUT 

+15VO VOLTAGE » 

s REGULATOR 
—— 78L12AC 

iL 10 al * 
Gj 7 7 ; y 
Cap i: 146 17 
100 to 150nF 
analogue (7 gain 


OUTPUT ADC 
INTERFACE 


input adjustment 
1202 im 
if : : 
SL541B 


- Ld 
TT ALE el | re 
offset fi | 


adjustment 


FIXED -VE STC +] ‘uk 
OUTPUT 05 
-15V0 VOLTAGE 
REGULATOR 
7T9LO5AC y 7 y 
analogue : - 
ground | 10 uF 10 pF af 
4 7 7 y 4 y C..R_= amplifier compensation 


= =100 nF 
(e.g. R,= 1002; C,=6,8pF) 


Fig. 4 Application circuit diagram. 
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14-Bit Analog to Digital Converter (Serial Output) TDA1534 


DESCRIPTION 

The TDA1534 is a monolithic 14-bit succes- 
sive approximation Analog-to-Digital Con- 
verter (ADC) with internal reference and 
clock. The high linearity makes it suitable for 
Digital Signal Processing and the accurate, 
temperature stable reference makes it appli- 
cable for instrumentation purposes. Thecon- 
verter accepts either unipolar or bipolarinput 
voltages. All digital outputs are TTL compat- 
ible and the digital output is in serial form. 


REFERENCE DATA 


Positive supply (pin 5) 
Negative supply 1 (pin 6) 


Negative supply 2 (pin 9) 
Signal-to-noise ratio 
Linearity error 
Resolution 


FEATURES PIN CONFIGURATION 
Accurate reference 

Internal clock 

V4 LSB linearity at 25°C 

V2 LSB linearity over temp 

Meets quality audio specifications 
TTL compatible outputs 

High signal-to-noise ratio (85 dB typ) 


APPLICATIONS 
e@ Instrumentation 
e DSP 

@ Correlators 

e Digital audio 


TOP VIEW 


ORDER NUMBERS 
TDA1534 (CERAMIC) 
TDA1534A (PLASTIC) 
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‘A-Bit Analog to Digital Converter (Serial Output) | TDA1534 


fnemrereoONKS 


BLOCK DIAGRAM 


SUCCESSIVE 


7 


. REFERENCE 
: i D/A CONVERTER |’ SOURCE 
19] 18 


10; WW] 127 13) 14) 15] 16) 17) 217 22 20 
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42-Bit D/ A Converter 


DESCRIPTION 

The DAC800 is a single-chip converter 
with 12-bit linearity, obtained without 
trimming. It is pin compatible with the 
industry standard DAC80 (no external 
reference can be used) and has a faster 
settling time. This converter has thin 
film application resistors, a low temp- 
erature coefficient bandgap reference, 
and an output amplifier (V models). 


The DAC800 provides for both bipolar 
and unipolar outputs. The V models al- 
low output ranges of +2.5V, +5V, 
+10V, 0 to +5V, or 0 to +10V. The 
current models have an output range of 
either +1mAor0to —2mA. 


The DAC800 has a maximum nonlinear- 
ity error of +1/2 LSB over the full 
temperature range, 0°C to 70°C. Addi- 
tionally, the DAC800 offers maximum 
total error over the full temperature 
range of +0.15% of full-scale for unip- 
olar operation and +0.12% of full-scale 
for bipolar operation. The total error in- 
cludes the effects of gain, offset, and 
linearity drift with gain and offset errors 
adjusted to zero at 25°C. 


FEATURES 
¢ Maximum Nonlinearity + 12 LSB 


e Guaranteed Monotonicity 
0°C to 70°C 
e Current or Voltage Output Models 
e Internal Reference 
e Unipolar and Bipolar Operation 
e¢ Compatible with TTL/LSTTL/CMOS 
e¢ No Laser Trimming 
e Excellent Power Supply Rejection 


APPLICATIONS 

e Data Acquisition and Control 
Systems 

e Analog-to-Digital Converter Systems 

e Automatic Test Equipment 

e¢ Robotics 

e Waveform Generation 
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DAC800 


PIN CONFIGURATIONS 


Current Model 
F Package 


12-BIT LADDER RESISTOR 
NETWORK & CURRENT SWITCHES 


TOP VIEW 


Order Number 
DACS800IF 


Voltage Model 
F Package 


24] 6.3Vpee OUT 
23] GAIN ADJUST 


SUMMING 
120} JUNCTION 


12-BIT LADDER RESISTOR 
NETWORK & CURRENT SWITCHES 


Vpp 
(LOGIC SUPPLY) 


TOP VIEW 


Order Number 
DAC800VF 
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42-Bit D/ A Converter DAC800 


AC ELECTRICAL CHARACTERISTICS Noe = 15V, Veg = —15V, Vpp = SV, 0°C < Ty < 70°C (Unless otherwise noted) 


SYMBOL PARAMETER TEST CONDITIONS 


a 
vn | tesicmputtow OSC 
a 

cone 


Power Supply Sensitivity 0.0005 % of FSR/%V 


Voc: Vee: Vop 


NOTES: 

. Adjustable to zero with external trim potentiometer. 

. To maintain drift specs internal resistors must be used on current output model. 

. FSR means full-scale range and is 20V for + 10V range, 10V for +5V range, etc. 

. Includes the effects of gain, offset, and linearity drift. Gain and offset errors are adjusted to zero at 25°C. 

. Power dissipation is an additional 20mW when Vpp is operated at +15V. 

. RL =2K, C, = 200pF, Ty = 25°C for V models only. 

. OC. =10pF, Ty = 25°C for | models. 

. Typical operating conditions for Amplifier Duration Output Short Circuit to Ground is indefinite at this time. 


GOAN Ooh OND = 
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42-Bit D/ A Converter 


DAC800 


POWER SUPPLY CONNECTIONS 
Any noise present on the power supply pins 
of the DAC800 creates additional error. For 
optimum performance this noise should be 
limited as much as possible. This can be ac- 
complished by bypassing the power supply 
pins with appropriate capacitors. Decoupling 
capacitors on the order of 1yF are recom- 
mended with the best types being tantalum 
or electrolytic. Electrolytic capacitors have 
poor high frequency characteristics and, if 
used, should be paralleled with a 0.01yF 
ceramic capacitor. 


LOGIC INPUTS 

The logic inputs of the DAC800 are compati- 
ble with TTL, LSTTL, and CMOS over the op- 
erating range of Vpp (5V to 15V) as well as 
over temperature (0°C to 70°C). The input 
switching threshold is TTL (about 1.4 V) and is 
independent of the supply voltage, Vpp. 


Logic input coding for the DAC800 is comple- 
mentary. The specific code will be comple- 
mentary straight binary (CSB) for unipolar 
output connections and complementary off- 
set binary (COB) for bipolar output connec- 
tions. For bipolar output connections, 
complementary two’s complement (CTC) can 
be realized by inverting the MSB with an ex- 
ternal inverter. The relationship between the 
digital Input and analog output for the three 
codes Is shown in Table 1. 


VOLTAGE REFERENCE 
The DAC800 has an internal 6.3V reference 


Table 1. Coding Relationships 


DIGITAL INPUT 


000000000000 


+Full- a 
-—1LSB 


100000000000 + 1/2 Full-Scale 


~1LSB 


ANALOG OUTPUT 
+Full-Scale 
—1LSB 


019191111111 +i2FullScale | = Zero 


Wattaaiiii1 | Zero |= FullScale | Zero 


with a +1% tolerance. The reference is con- 
nected internally to the converter and to the 
bipolar offset resistor and to pin 16 which 
does not allow the use of an external refer- 
ence. The reference is brought out on pin 24 
for external use, if needed, and can typically 
supply 2.5mA. If the external load varies, an 
external buffer is recommended in order to 
isolate the reference from load variations. 


EXTERNAL GAIN/OFFSET 
ADJUSTMENTS 

The gain and offset of the DAC800 can be ad- 
justed with external potentiometers. The po- 
tentiometer configuration required for gain 
adjustment is shown in Figure 1. The 10 MQ re- 
sistor should have a tolerance of 20% or less 
and the potentiometer and 10M@ resistor 
should have a temperature coefficient of 
200 ppm/ °C or less. 


The potentiometer configuration required for 
offset adjustment is shown in Figure 2 and its 
equivalent circuit in Figure 3. From the equiv- 
alent circuit it can be seen that this configu- 
ration adds/subtracts a current from the 
converter output current. The 3.9MQ resistor 
should have a tolerance of 20% or less and 
the potentiometer and 3.8 MQ resistor should 
have a temperature coefficient of 200 ppm/ 
°C or less. Both adjustment circuits should 
be located close to the DAC800 to prevent 
noise pickup. If full-scale accuracy Is not re- 
quired, then the gain adjust pin may be 
grounded to minimize noise pick-up. 


-1LSB 


— Full-Scale 


+Full-Scale 
—1LSB 


—1LSB 
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The effects of gain and offset adjustment are 
shown in Figures 4 and 5. Figure 4 shows that 
gain adjustment rotates the transfer function 
about the origin and has no impact on the ori- 
gin. Figure 5 shows that offset adjustment 
translates the transfer function along the AN- 
ALOG OUTPUT axis. Note that this changes 
the output for full-scale. The objective of the 
adjustment procedure is to fix the end points 
of the transfer function at the ideal points. 
For this reason the adjustment sequence 
must be to first adjust the offset and then the 
gain. Offset adjustment is accomplished by 
setting all logic inputs to a logic high (“1”) and 
adjusting the offset so that the output corres- 
ponds to its most negative value (zero for un- 
ipolar outputs and — full-scale for bipolar 
outputs). Gain adjustment is accomplished 
by setting all logic inputs to a logic low (“0”) 
and adjusting the gain such that the output 
corresponds to Its most positive value (full- 
scale — 1LSB). 


VOLTAGE MODEL OUTPUT 
CONNECTIONS 

The DAC800 voltage models have internal 
scaling resistors which provide output 
ranges of 0 to +5V,0 to +10V, +2.5V, +5V, 
and +10V. The use of the internal resistors 
minimizes gain and offset drift since excel- 
lent thermal tracking with other on-chip 
components limits this effect. Figures 6a, b 
and c show the different output configura- 
tions. 
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ABSOLUTE MAXIMUM RATINGS' 


PARAMETER RATING UNIT 


Temperature Range 

Operating Oto 70 °C 

Storage | —65to +150 °C 

+16.5 V 

+16.5 Vv 

+16.5 _ Vv 

Low 0 V 
NOTE: 


Power Supply 

Veo: Vee 

Vop 
Logic Levels 

1. Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the 
device. These are stress ratings only. Functional operation of this device at these or any other condi- 

tions above those indicated in the operational sections of this specification is not implied and expo- 

sure to absolute maximum rating conditions for extended periods may affect device reliability. 


High 


Settling Time to 0.01% of FSR’ 1kQ Load 


Full-Scale Current | Model Only 


| Model Only 


Amplifier Duration Output 
Short Circuit to Ground® 
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CONNECT 
TO PIN 23 


Vee 


Figure 1. Gain Adjust Circuit 


ANALOG OUTPUT 


*Connect pin 17 to pin 20 for +2.5V Range and 
to ground for 0 to 5V Range 


a. Connections for 0 to 5V Range and 
+2.5V Range (V model) 


DAC800 


Voc 


CONNECT TO 
10K 3.9M ’ PIN 20 FOR 
TO 2-0 V MODELS 
100 K AND PIN 15 
FOR I MODELS 


Vee 


Figure 2. Offset Adjust Circuit 


Y 


GAIN ADJUST 
RANGE 


. 


| ANALOG OUTPUT 


OFFSET ADJUST 


DIGITAL INPUT 
BITS ‘1’ 


Figure 5. Offset Adjust Effects 


*Connect pin 17 to pin 20 for +5V Range and to 
ground for 0 to 10V Range 


b. Connections for 0 to 10V Range and 
+5V Range (V model) 


c. Connections for +10 V Range (V model) 


Figure 6. 
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12-Bit D/ A Converter | | DAC800 


a. Connections for 0 to — 2V Range (I model) b. Connections for +1V Range (I model) 


CURRENT MODEL OUTPUT 
CONNECTIONS 

Internal resistors are provided for the current 
models which can be used with an external 
Op amp or configured as a resistive load for 
output ranges of 0 to —2V or +1V. Use of 
these internal resistors is required to main- 
tain gain and bipolar offset drift 
specifications. 


Output ranges of 0 to —2V and +1V are ob- 

_tainable with the addition of a single external 
resistor (excluding the gain and offset adjust- 
ment components). Figures 7a and b show 
the necessary connections for these output 
ranges. The internal resistors of the DAC800 
have wide tolerances and the external resis- 
tor, Rex: Will have to be selected for each unit. 
Nominal values will be 32 for the unipolar 
connection and 0Q for the bipolar connec- 
tion. 


Figure 8. General Configuration for Current Model Using External Op Amp 


The current output can also be used to drive 
the summing junction of an external op amp 
used as a voltage to current converter. This 
has the advantage of faster settling time than 
the voltage model. Figure 8 shows the gen- 
eral configuration and Table 2 lists the availa- 
ble output ranges and required connections. 


Table 2. Current Model Connection for 
Various Output Ranges 


OUTPUT 
RANGE [ourto | 1970 | 1770 | 


ow eve [6 | eno 
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Product Specification 


8-Bit Microprocessor-Compatible D/A Converter 


SE/NES0418 


DESCRIPTION 

The NE5018 is a complete 8-bit digital to 
analog converter subsystem on one mono- 
lithic chip. The data inputs have input 
latches, controlled by a latch enable pin. 
The data and latch enable inputs are ultra- 
low loading for easy interfacing with all logic 
systems. The latches appear transparent 
when the LE input is in the low state. When 
LE goes high, the input data present at the 
moment of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro-proces- 
sors. 


The chip also comprises a stable voltage 
reference (5V nominal) and a high slew rate 
buffer amplifier. The voltage reference may 
be externally trimmed with a potentiometer 
for easy adjustment of full scale, while main- 
taining a low temperature co-efficient. 


The output of the buffer amplifier may be 
offset so as to provide bipolar as well as 
unipolar operation. 


BLOCK DIAGRAM 


FEATURES 


8-bit resolution 

Input latches 

Low-loading data inputs 

On-chip voitage reference 

Output buffer amplifier 

Accurate to + 1/2 LSB (.19%) 
Monotonic to 8 bits 

Amplifier and reference both short- 
circuit protected 

Compatible with 8085, 6800 and many 
other .P’s 


APPLICATIONS 


Precision 8-bit D/A converters 
A/D converters 
Programmable power supplies 
Test equipment 

Measuring instruments 
Analog-digital multiplication 


VREF 
(13) Out 
VaeF 
(2) apy. © 
. (1) 
(10) (9) (8) (7) (6) (5) (4) (3) (2) DIGITAL 
LE DB7 086 DB5 DB4 DB3 DB2 0B1 DBO GND 
Y mwsB QO O O O O O O O LSB e 
; LATCHES AND 
SWITCH DRIVERS 
(20) SUM ry 
NODE ek 
(18) Vout O i DAC CURRENT 
OUTPUT 
(21) AMP. 4 5K =a 
COMP. = 
ANALOG 
(22) GND. ¥ 
DAC SWITCHES 
, 5K 
4) VREF 
. i. ae 
4 5K 


>« 


: } pac 
BIPOLAR ie) COMP 
(15) OFFSET 
Vec- O 


(17) 


Figure 1 
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PIN CONFIGURATION 


F,N PACKAGE 


DIGITAL GND | 1 | 


DBO (LSB) | 2 | 


ANALOG GND 
AMP. COMP. 

SUM NODE 

Vect 

Vout 

Voc - 

DAC COMP. 
BIPOLAR OFFSET A 
Vrer IN 

Vagr OUT 


Vrer ADJ. 


ORDER NUMBERS 


SE/NE5018F,N 


D2 PACKAGE 


DIGITAL GND 
DBO (LSB) 
OB1 


O62 


Vrer ADJ. 
TOP VIEW 


ORDER NUMBER 
NE5018D2 


NOTES: 


ANALOG GNO 
AMP. COMP. 


SUM NODE 


+ Vec 

Vout 

NC 

~Vec 

DAC COMP. 
BIPOLAR OFFSET 
NC 


Vrer IN 
Vrer OUT 


1. SOL-Released in Large SO package only. 


2. SOL and non-standard pinout. 
3. SO and non-standard pinouts. 
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8-Bit Microprocessor-Compatible D/A Converter 


SE/NE5048 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 


Voct Positive supply voltage 
Voc~— Negative supply voltage 
VIN Logic input voltage 
VRreFiN Voltage at Vref input 
VrefADJ Voltage at Vaer adjust 
VSUM Voltage at sum node 
IREFSC Short-circuit current 

to ground at Vpgr OUT 


RATING UNIT 


18 
—18 
Oto 18 
12 
O to VREF 

12 


Continuous 


louTsc Short-circuit current to ground 
or either supply at Vout 

Pp Power dissipation’ 
-N package 800 
-F package 1000 

TA Operating temperature range 
SE5018 —55 to +125 
NE5018 0 to +70 
Storage temperature range —65 to +150 
Lead soldering temperature 
(10 seconds) 300 


Continuous 


*NOTES 
For N package, derate at 120°C/W above 35°C 
For F package, derate at 75°C’ W above 75°C 


DC ELECTRICAL CHARACTERISTICS vVcct+ = +15V, Voc— = —15V, SE5018. —55°C < Ty < 125°C, 
NE5018. O°C < Ta < 70°C unless otherwise specified! 
Typical values are specified at 25°C 


PARAMETER TEST CONDITIONS 


Resolution 
Monotonicity 
Relative accuracy 
Voct Positive supply voltage 11.4 15 11.4 15 ' 
Voc7~ Negative supply voltage —-11.4 | —15 —11.4) 15 
VIN(1) Logic “1” input voltage Pin 1 = OV 2.0 
ViN(O) Logic “O” input voltage Pin 1 = OV 


HIN(1) Logic “1” input current Pin 1 = OV, 2V<Vin<18V 
'IN(O) Logic “O” input current Pin 1 = OV, -5V<Viy<0.8V 
Unipolar operation 
VREF IN = 5.000V, Ta = 25°C 
Bipolar operation 
VREF IN = 5.000V, Ta = 25°C 


VFS Full scale output voltage 


VES Full scale output voltage 


Zero scale voltage 
PSR+(out) Output power supply V- = -15V, 13.5V<V+< 16.5V, : .O .O 
rejection (+) external VReeE jn = 5.000V %~VS 
V+ = 15V, -13.5V<V-—<-— 16.5V, .001 01 .001 %@FS 
rejection (—) external VReF in = 5.000V %VS 
Full scale temperature VREF IN = 5.000V 20 20 
coefficient 
Zero scale temperature 5 5 
coefficient 


Output short circuit Ta = 25°C 
current VouT = OV 
PSR—(out) Output power supply 
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DC ELECTRICAL CHARACTERISTICS (Cont'd) Voct+ = +15V, Voc— = —15V, SE5018. —55°C < Ta < 125°C, 
NE5018. O°C < Ta < 70°C unless otherwise specified.’ 
Typical values are specified at 25°C 


PARAMETER TEST CONDITIONS 


Reference output current Note 8 
Reference short circuit Ta = 26°C 
current VREF OUT = OV 


Reference power supply | V- = —15V, 13.5V < V+ < 
rejection (+) IREF = 1.0mA 


Reference power supply | V+ = 15V, -13.5V < V- < 


rejection (—) 

Reference voltage IREF = 1.0mA 

Reference voltage IREF = 1.0mA 

temperature coefficient 

DAC Vre_e IN input IREF=1.0MA Ta = 25°C 
impedance 

Positive supply current Voct = 15V 
Negative supply current Voc7— = —15V 
Power dissipation IREF = 1.0mA, Voc = + 15V 


NOTE 
1. Refer to Figure 2. 


AC ELECTRICAL CHARACTERISTICS? Vcc = + 15V, Ta = 25°C 
SE /NE5S018 


PARAMETER 


TSLH Settling time 
TSHL Settling time 


toin Propagation delay All bits switched low to high? 
toh! Propagation delay All bits switched high to low4 
tpisb | Propagation delay 1p 1 LSB change3.4 
tolh_ Propagation delay low to high transition® 
toh Propagation delay high to low transition® 
ts Set-up time 
th Hold time 
tow Latch enable pulse width 

NOTES 

2. Refer to Figure 3. 

3. See Figure 6. 

4. See Figure 7. 

5. See Figure 8. 

6. See Figure 9. 

7. See Figure 10. 

8. For reference currents > 3mA, use of an external buffer is required. 
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DC PARAMETRIC TEST CONFIGURATION 
0.47 nF 


98765432 19 
10 ; DIG GND 1 
14 VREF IN ANA GND 22 


VREF OUT 
OUTPUT 


Figure 2 


FULL/ZERO SCALE ADJUST— UNIPOLAR OUTPUT (0-10V) 


O VCC+ 
LSB 


0.47,.F 


98765432 19 

10 DIG.GND 1 
14. VREF IN ANA. GND 22 
13 VREF OUT 


5018 
12. VREF ADy OUTPUT 


FULL SCALE 
ADJUST 


ZERO SCALE 
ADJUST 


Figure 4 


SETTLING TIME AND PROPAGATION DELAY, 
LOW TO HIGH DATA 


|-—_—_ ™.y4 - 


OUTPUT 


Figure 6 
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AC PARAMETRIC TEST CONFIGUTATION 


9 Voc+ 


0.47 F 


98765432 19 
10 DIG. GND 1 


ANA. GND 22 


98765432 19 
10 DIG. GND 1 


VREF IN ANA. GND 22 
VREF OUT 


VREF ADJ OUTPUT 


BIP. OFFSET 
15 


Voc- 
ZERO SCALE 


Figure 5 ADJUST 


SETTLING TIME AND PROPAGATION DELAY, 
HIGH TO LOW DATA 


OUTPUT 


Figure 7 
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PROPAGATION DELAY, LATCH ENABLE TO OUTPUT PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 


Yj Vp 
DATA / lf DATA 


Figure 8 Figure 9 


LATCH ENABLE PULSE WIDTH, SET-UP AND HOLD TIMES 


——— ts = th 
~ 0 (7 


Figure 10 
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DESCRIPTION 

The NE5019 is a complete 8-bit digital to 
analog converter subsystem on one mono- 
lithic chip. The data inputs have input 
latches, controlled by a latch enable pin. 
The data and latch enable inputs are ultra- 
low loading for easy interfacing with all logic 
systems. The latches appear transparent 
when the LE input is in the low state. When 
LE goes high, the input data present at the 
moment of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro-proces- 
sors. 


The chip also comprises a stable voltage 
reference (5V nominal) and a high slew rate 
buffer amplifier. The voltage reference may 
be externally trimmed with a potentiometer 
for easy adjustment of full scale, while main- 
taining a low temperature co-efficient. 


The output of the buffer amplifier may be 
Offset so as to provide bipolar as well as 
unipolar operation. 


BLOCK DIAGRAM 


(14) 


VREF 
in? 


(15) BIPOLAR 


OFFSET © 
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FEATURES | PIN CONFIGURATION 


Accurate to + 1/4 LSB (.1%) 
Monotonic to 8 bits 

Amplifier and reference both short- 
circuit protected 

e Compatible with 8085, 6800 and many 
other uP’s 


SUM NODE 


e 8-bit resolution F,N PACKAGE 

e Input latches 

® Low-loading data inputs 

e On-chip voltage reference DIGITAL GND | 1 | [22] ANALOG GND 
e Output buffer amplifier DBO (LSB) '21] AMP. COMP. 
e 

e 

e 


116] DAC COMP. 
APPLICATIONS 
e Precision 8-bit D/A converters a 
e A/D converters 13] Vner OUT 
e Programmable power supplies 112] Ver ADJ. 
e Test equipment TOP VIEW 
e Measuring instruments ORDER NUMBERS 
e Analog-digital multiplication NES019F  SE5019F 


NE5019N 


(1) 

(9) (8) (7) (6) (5) = (4) (3) (2) DIGITAL 
087 OB6 DB5 DB4 DB3 DB2 DBT DBO GND 
MSB O ©) ©) ) ) O) O) © LSB ) 


LATCHES AND 
SWITCH DRIVERS 


DAC CURRENT 
| OUTPUT 


DAC SWITCHES 


Figure 1 
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O SUM NODE (20) 


O Vout (18) 


AMP. 
© comp. (27) 
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ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING UNIT 


Voct Positive supply voltage 
Voc-— Negative supply voltage 
VIN Logic input voltage. 
VREFIN Voltage at Vager input 
VReEFADJ ‘Voltage at Vref adjust 
VSUM Voltage at sum node 
IREFSC Short-circuit current 
to ground at Vagf OUT Continuous 
lIOUTSC Short-circuit current to ground 
or either supply at VouT Continuous 
Po Power dissipation* 
-N package 800 
-F package 1000 
TA Operating temperature range 
SE5019 —55 to +125 
NE5019 0 to +70 
Storage temperature range —~65 to +150 
Lead soldering temperature 
(10 seconds) 300 


*NOTES 
For N package, derate at 120°C/W above 35°C 
For F package, derate at 75°C/W above 75°C 


DC ELECTRICAL CHARACTERISTICS vVcc+t = +15V, Voc— = —15V, SE5019. -55°C <Ta < 125°C, 
NE5019. 0°C < Ta <70°C unless otherwise specified. ' 
Typical values are specified at 25°C 


UNIT 


PARAMETER TEST CONDITIONS 


Resolution 
Monotonicity 
Relative accuracy 


Voct Positive supply voltage 
Vcc Negative supply voltage 


VIN(1) Logic “1” input voltage 
VIN(O) Logic “O” input voltage 
IN(1) 
lN(O) 


VES 


Logic “1” input current Pin 1 = OV, 2V<Vin< 18V 
Pin 1 = OV, —5V<Vjyn<0.8V 
Unipolar operation 
VREF IN = 5.000V, Ta = 25°C 
Bipolar operation 
VREF IN = 5.000V, Ta = 25°C 


Logic “O” input current 


Full scale output voltage 


VES Full scale output voltage 


Vzs Zero scale voltage 


los 


Output short circuit 
current 


Ta = 25°C 

Vout = OV 

V— = -15V, 13.5V<V+<16.5V, 
external VREF jy = 5.000V 


V+ = 15V, —-13.5V=V-—=<-— 16.5V, 
external VpeF in = 5.000V 


PSR+(out) Output power supply 
rejection (+) 

PSR~(out) Output power supply 

rejection (—) 


TCEs Full scale temperature VREF IN = 5.000V 
coefficient 
TCzZs Zero scale temperature 


coefficient 


NOTE 
1. Refer to Figure 2. 
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DC ELECTRICAL CHARACTERISTICS (Cont'd) Voct+ = +15V, Voc— = —15V, SE5019. -55°C < Ta < 125°C, 
NE5019. O°C < Ta <70°C unless otherwise specified.' 
Typical values are specified at 25°C 


PARAMETER TEST CONDITIONS 


IREF Reference output current Note 8 
IREFSC Reference short circuit Ta = 26°C 
current VREF OUT = OV 


PSR+pRerF Reference power supply | V— = —15V, 13.5V < V+ < 16.5V, 
rejection (+) IREF = 1.0mMA 


PSR-—pRef Reference power supply | V+ = 15V, —13.5V < V—- < 16.5V, 


rejection (—) 
Reference voltage IREF = 1.0mA 


Reference voltage IREF = 1.0mA A 
temperature coefficient 


DAC Vre_eriIN input iIREF=1.0MA 

impedance Ta= 25°C 

Positive supply current Vect ° = 15V 
NOTE 


1. Refer to Figure 2. 


= 26°C 


AC ELECTRICAL CHARACTERISTICS * Vcc = + 15V, Ta = 25°C 


PARAMETER TO TEST CONDITIONS | SE/NESO19 UNIT 
| Min | Typ | Max | 
TSLH Settling time +% LSB All bits low to high? 
TsHL Settling time +% LSB All bits high to low4 


tlh Propagation delay All bits switched low to high? 
tohi Propagation delay All bits switched high to low4 


tpisb | Propagation delay npu 1 LSB change3:4 
tpih Propagation delay LE low to high transition® 
tpht Propagation delay high to low transition® 


ts Set-up time 
th Hold time 
tow Latch enable pulse width 


NOTES ex 


. Refer to Figure 3. 

. See Figure 6. 

. See Figure 7. 

. See Figure 8. 

. See Figure 9. 

. See Figure 10. 

. For reference currents > 3mA, use of an external buffer is required. 


@Onoaoaanaoan 
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DC PARAMETRIC TEST CONFIGURATION 


0.47nF 


19 
DIG. GND 1 


98765432 
10 
VREF IN ANA. GND 22 


VREF OUT 
5019 


Figure 2 


FULL/ZERO SCALE ADJUST— UNIPOLAR OUTPUT (0-10V) 
© Voc+ 
LSB 
0.47 ,.F 


98765432 
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AC PARAMETRIC TEST CONFIGUTATION 
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PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 


PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 


DATA Vf 


Figure 9 


Figure 8 


LATCH ENABLE PULSE WIDTH, SET-UP AND HOLD TIMES 
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—wemee  {, <<“ th ‘ 
- V3 Zr 7 


Figure 10 
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DESCRIPTION 

The NE5020 is a microprocessor-compati- 
ble monolithic 10-bit digital to analog con- 
verter subsystem. This device offers 10-bit 
resolution and +0.1% accuracy and 
monotonicity guaranteed over full operating 
temperature range. 


Low loading latches, adjustable logic 
thresholds and addressing capability allow 
the NE5020 to directly interface with most 
microprocessor and logic controlled sys- 
tems. 


The NE5020 contains internal voitage refer- 
ence, DAC switches and resistor ladder. 
Also, the input buffer and output summing 
amplifier are included. In addition, the 
matched application resistors for scaling ei- 
ther unipolar or bipolar output values are 
included on a single monolithic chip. 


The result is a near minimum component 
count 10-bit resolution DAC system. 


BLOCK DIAGRAM 


(11) 
0B9 
Y) 


(13) TE2 © 


(1) DIGITAL GNO © 


(21) +Vcc 
. (18) Vpge OUT O 


(14) Vrer ADJ O- 


(17) + Vrs nO 


(16)—Vrger NO 
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FEATURES 

® 10-bit resolution 

¢ Guaranteed monotonicity over 
operating range 

© +0.1% relative accuracy 

Unipolar (OV to +10V) and 

Bipolar (+ 5V) output range 

® Logic bus compatible 

5usec settling time 


APPLICATIONS 

® Precision 10-bit D/A converters 

¢ 10-bit Analog to Digital converters 
@ Programmable power supplies 

© Test equipment 

© Measurement instruments 


(10) 
bas 
e 


LATCHES AND SWITCH DRIVERS 


DAC OUTPUT CURRENT 


DAC SWITCHES 


ae | 
=Fpal Da 
Ey 


ALL R VALUES EQUAL 5k{2 AND ARE THERMALLY MATCHED 


Figure 1 
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F, N PACKAGE 
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ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING UNIT 


Voct Positive supply voltage 18 
Vcc7 Negative supply voltage —18 
VIN Logic input voltage Oto 18 
VREF IN Voltage at +Vp_F input 12 
Vrer ADJ Voltage at Vref adjust 0 to VreF 


VSUM Voltage at sum node 12 
IREFSC Short-circuit current 
to ground at Vagr OUT 
loUTSC Short-circuit current to ground 
or either supply at VouT 


Pp Power dissipation’ 


Continuous 


Continuous 


-N package 800 
F package 1000 
TA Operating temperature range 
NE5020 0 to +70 
TsTG Storage temperature range —65 to +150 


TSOLD Lead soldering temperature 
(10 seconds) 


300 


*NOTES 
For N package, derate at 120°C/W above 35°C 
For F package, derate at 75°C/W above 75°C 


DC ELECTRICAL CHARACTERISTICS vVoc+ = +15V, Vcc— = —15V, 0°C < Ta <70°C unless otherwise specified. ' 


Typical values are specified at 25°C 


PARAMETER TEST CONDITIONS a [oa UNIT 


Resolution 
Monotonicity 
Relative accuracy 


Voct Positive supply voltage 
Vcc Negative supply voltage 


VIN(1) Logic “1” input voltage 
VIN(O) Logic “O” input voltage 


lIN(1) Logic “1” input current Pin 1 = OV, OV <Viy<18V 
HIN(O) Logic “O” input current Pin 1 = OV, ~5V<Vin<0.8V 


VFS 


Full scale output voltage Unipolar operation 
VREF IN = 5.000V, Ta = 25°C 
Bipolar operation 
VREF IN = 5.000V, Ta = 25°C 
Zero scale voltage Unipolar operation 


Output short circuit Ta = 26°C 
current VOUT = OV 


PSR+(oyt) Output power supply V— = —15V, 13.5V<V+=<16.5V, 
rejection (+) external VReF IN = 5.000V 

PSR-(oyt) Output power supply V+ = 16V, —13.5V<=V—-=<-16.5V, 

rejection (—) external VReF IN = 5.000V 


VREF IN = 5.000V 


VFs Full scale output voitage 


TCes Full scale temperature 
coefficient 

TCzs Zero scale temperature 

coefficient 


NOTE 
1. Refer to Figure 2. 
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DC ELECTRICAL CHARACTERISTICS (Cont'd) Voct = +15V, Voc— = —15V, 0°C < Ta < 70°C unless otherwise specified. ' 
Typical values are specified at 25°C 


IREF? Reference output current 
IREF sc. Reference short circuit Ta = 25°C 
current VREF OUT = OV 


PSR+pe_er Reference power supply V—- = —15V, 13.5V <= V+ < 16.5V, 
rejection (+) IREF = 1.0mA 
PSR—pef Reference power supply V+ = 15V, —13.5V <= V- < 16.5V, 
rejection (—) 
VREF Reference voltage IREF = 1.0mA, Ta = 25°C 
TCREF Reference voltage IREF = 1.0mA 
temperature coefficient 
DAC Vre_er IN input IREF = 1.0mA 
impedance 
Positive supply current Voct = 15V 
Negative supply current Voc7 = —15V 
Power dissipation IREF = 1.0mA, Voc = +15V 


1. Refer to Figure 2. 
2. For Ipeg OUT greater than 3mA, an external buffer is required. 


AC ELECTRICAL CHARACTERISTICS 3 Vcc = + 15V, Ta = 25°C 


Settling time + % LSB All bits low to high4 
Settling time + % LSB All bits high to lowS 
Propagation delay Output All bits switched low to high4 
Propagation delay Output All bits switched high to low® 
Propagation delay Output 1 LSB change4.5 
Propagation delay Output low to high transition® 
Propagation delay Output LE high to low transition?” 
Set-up time LE 3, 8 
Hold time Input 3, 8 
Latch enable pulse width 3, 8 

NOTES 

3. Refer to Figure 3. 

4. See Figure 6. 

5. See Figure 7. 

6. See Figure 8. 

7. See Figure 9. 

8. See Figure 10. 
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DC PARAMETRIC TEST CONFIGURATION 
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AC PARAMETRIC TEST CONFIGURATION 
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BIPOLAR OUTPUT OPERATION (—5 to +5V) 
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PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 


DATA Vf 


+ 9 — 


OUTPUT 


Figure 8 


LATCH ENABLE PULSE WIDTH, SET-UP AND HOLD TIMES 
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CIRCUIT DESCRIPTION | 
The NE5020 provides ten data latches, an 
internal voltage reference, application resis- 
tors, and a scaled output voltage, in addition 
to the basic DAC components (see block 
diagram, figure 1). 


Latch Circuit 

Digital interface with the NE5020 is readily 
accomplished through the use of two latch 
enable ports (LE; and LE9) and ten data 
input latches. LE» controls the two most sig- 
nificant bits of data (DBg and DBg) while 
LE controls the eight lesser significant bits 
(DB7 through DBg). Both the latch enable 
ports (LE) and the data inputs are static and 
threshold sensitive. When the latch enable 
ports (LE) are high (Logic ‘1’) the data in- 
puts become very high impedances and es- 
sentially disappear from the data bus. Ad- 
dressing the LE with a low (Logic ‘0’) the 
latches become active and adapt the logic 
states present on the data bus. During this 
state, the output of the DAC will change to 
the value proportional to the data bus value. 
When the latch enable returns to a high 
state, the selected set of data inputs (i.e., 
depending on which LE goes high) ‘memo- 
rize’ the data bus logic states and the output 
changes to the unique output value corre- 
sponding to the binary word in the latch. 


The data inputs are inactive and high imped- 
ance (typically requiring —2uA for low (.8V 
max) or 0.1uA for high (2.0V min)) when the 
LE is high. Any changes on the data bus with 
LE high will have no effect on the DAC 
output. 


The digital logic inputs (LE and DB) for the 
NE5020 utilize a differential input logic sys- 
tem with a threshold level of +1.4 volts with 
respect to the voltage level on the digital 
ground pin (Pin 1). Figure 11 details several 
bias schemes used to provide the proper 
threshold voltage levels for various logic 
families. 


To be compatible with a bus orientated sys- 
tem the DAC should respond in as short a 
period as possible to insure full utilization of 
the microprocessor, controller and !/O con- 
trol lines. Figure 10 shows the typical timing 
requirements of the latch and data lines. 
This figure indicates that data on the data 
bus should be stable for at least 50nsec 
after LE is changed to a high state. 


The independent LE (LE, and LEo) lines al- 
low for direct interface from an 8 bit data bus 
(see figure 12). Data for the two MSB’s is 
supplied-and stored when LEo is activated 
low and returned high according to the 
NE5020 timing requirements. Then LE is 
activated low and the remaining eight LSB’s 
of data are transferred into the DAC. With 
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LE, returning high the loading of ten bit data 
word from an eight bit data bus is complete. 


Occasionally the analog output must change 
to its data value within one data address 
operation. This is no problem using the 
NE5020 on a 16 bit bus or any other data 
bus with 10 or greater data bits. 


This can be accomplished from an 8 bit data 
bus by utilizing an external latch circuit to 
preload the two MSB data values. Figure 13 
shows the circuit configuration. 


After preloading (via LE pre-load) the  exter- 
nal latch with the two MSB values, LEo is 
activated low and the eight LSB’s and the 


NE5020 uP INTERFACE 8-BIT DATA BUS EXAMPLE 


DATA BUS 


B6 
B7 


LSB 


p ATCHES 


Figure 12 


PRELOADING THE 2 MSB’S TO PROVIDE A SINGLE STEP OUTPUT 


74LS74 


8-BIT-DATA BUS 


NE5020 


Figure 13 
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two MSB's are concurrently loaded into the 
DAC in one address operation. This permits 
the DAC output to make its appropriate 
change at one time. 


Reference Interface 

The NE5020 contains an internal bandgap 
voltage reference which is designed to have 
a very low temperature coefficient and ex- 
cellent long term stability characteristics. 


The internal bandgap reference (1.23V) is 
buffered and amplified to provide the 5 volt 
reference output. Providing a VRfrFADI (pin 
14) allows trimming of the reference output. 
Utilization of the adjust Circuit shown in fig- 
ure 16 performs not only VpeF adjustment 
but also.full scale output adjust. Notice that 
the VarFADJ pin is essentially the sum 
node of an op amp and is sensitive to exces- 
sive node capacitance. Any capacitance on 
the node can be minimized by placing the 
external resistors as close as possible to 
the VRaEFADJ pin and observing good layout 
practices. 


The Vref out node can drive loads greater 
than the DAC Vref input requirements and 
can be used as an excellent system voitage 
reference. However, to minimize load ef- 
fects on the DAC system accuracy, it is rec- 
ommended that a buffer amplifier is used. 


Input Amplifier 

The DAC reference amplifier is a high gain 
internally compensated op amp used to con- 
vert the input reference voltage to a preci- 
sion bias current for the DAC ladder net- 
work. 


Figure 1 details the input reference amplifier 
and current ladder. The voltage to current 
converter of the DAC amp will generate a 
1mA reference current through Qpr with a § 
volt VpEF. This current sets the input bias to 
the ladder network. Data bit 9 (DBg)(Qg), 
when turned on, will mirror this current and 
will contribute 1mA to the output. DBg (Qg) 
will contribute 2 of that value or 0.5mA and 
so on. These current values act as current 
sinks and will add at the sum node to 
produce a DAC ladder to sum node function 
of: 


2VREF DB9  DB8__ DB7 
lout = RRer (282+ =a. —3 Tt 
DB6 DB5 .. DB4_. 0B3 


16 * 32° 64 * 128 


D 
Because of the fixed internal compensation 
of the reference amp, the slew rate is limited 
to typically 0.7V/yusec and source 
impedances at the VREF iINPUT greater than 
5kQ should be avoided to maintain stability. 


DB2 
256 


The —VREF INPUT Pin is uncommitted to al- 
low utilization of negative polarity reference 
voltages. In this mode +VREF |NPUT iS 
grounded and the negative reference is tied 
directly to the —VREF INPUT. The —VREF 
INPUT Contains a 5kQ resistor that matches 
a like resistor in the +VREF iNPUT to reduce 
voltage offset caused by op amp input bias 
currents. 


Output Amplifier and Interface 

The NE5020 provides an on chip output op 
amp to eliminate the need for additional ex- 
ternal active circuits. Its two stage design 
with feed forward compensation allows it to 
slew at 15V/usec and settle to within 
+ %LSB in 5usec. These times are typical 
when driving the rated loads of RL = 5k and 
Ci. =< 5OpF with recommended values of 
Cer = inF and Ceg = 30pF. Typical input 
offset voltages of 5mV and 50k open loop 
gain insure an accurate current to voltage 
conversion is performed when using the on 
chip Reg resistor. Reg is matched to RREF 
and Rgjp to maintain accurate voltage gain 
over operating conditions. The diode shown 
from ground to sum node prevents the DAC 
current switches from saturating the op amp 
during large signal transitions which would 
otherwise increase the settling time. 


The output op amp also incorporates output 
short circuit protection for both positive and 
negative excursions. During this fault condi- 
tion IoyT will limit at + 15mA typical. Recov- 
ery from this condition to rated accuracy will 
be determined by duration of short circuit 
and die temperature stabilization. 
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Bipolar Output Voltage 

The NE5020 includes a thermally matched 
resistor, Reip, to offset the output voltage 
by 5 volts to obtain —5V to +5V output volt- 
age range operation. This is accomplished 
by shorting pins 18 and 22 (see figure 14). 
This connection produces a current equal to 
(VREF IN — Vsum node) + Rep, (1mA nomi- 
nal), which is injected into the sum node. 
Since full scale current out is approximately 
2mA (1.9980mA), (2mA — 1mA)5k = SV will 
appear at the output. For zero DAC output 
currents, 1mA is still injected into sum mode 
and Vout = —(5k)(1mA) = —5V. Zero scale 
adjust and full scale adjust are performed as 
described below, noting that full scale volt- 
age iS now approximately +5 volts, zero 
scale adjust may be used to trim VouT = 
0.00 with the MSB high or VoyT = —5.0V 
with all bits off. 


Zero Scale Adjustment 

The method of trimming the small offset er- 
ror that may exist when all data bits are low 
is shown in figure 15. The trim is the result of 
injecting a current from resistor Ro that 
counteracts the error current. Adjusting po- 
tentiometer Ry until VoyT equals 0.000 
volts in the unipolar mode or —5.000 volts in 
the bipolar mode (see bipolar section) ac- 
complishes this trim. 


Full Scale Adjustment 

A recommended full scale adjustment circuit 
when using the internal voltage reference is 
shown in figure 16. Potentiometer Rg is 
adjusted until VoyT equals 9.99023V. In 
many applications where the absolute accu- 
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5K 
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racy of full scale is of low importance when _ they match and track in value closely over 
compared to the other system accuracy fac- wide ambient temperature variations. Typi- 
tors, then this adjustment circuit is optional. cal matching is less than +0.3% which im- 
plies that typical full scale (or gain) error is 


As resistors RREF, Rfp and Reip shown in 1... than +0.3% of ideal full scale value. 


figure 1 are integrated in close proximity, 


ZERO SCALE ADJUSTMENT 
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DESCRIPTION 


The NE5150/5151 are triple 4-bit DAC’s 
intended for use in graphic display sys- 
tems. They are a high performance — 
yet cost effective — means of interfacing 
digital memory and a CRT. The NE5150 
is a single integrated circuit chip con- 
taining special input buffers, an ECL 
static RAM, high-speed latches, and 
three 4-bit DAC’s. The input buffers are 
user selectable as either ECL or TTL 
compatible. The RAM is organized as 
16 x 12, so that 16 ‘color words” can be 
down loaded from the pixel memory into 
the chip memory. Each 12-bit word rep- 
resents 4 bits of red, 4 bits of green and 
4 bits of blue information. This system 
gives 4096 possible colors. The RAM is 
fast enough to completely reload during 
the horizontal retrace time. The latches 
resynchronize the digital data to the 
DAC’s to prevent glitches. The DAC’s 
include all the composite video func- 
tions to make the output waveforms 
meet RS170 and RS343 standards, and 
produce 1VPP into 75 ohms. The com- 
posite functions (reference white, bright, 
blank, and sync) are latched to prevent 
screen-edge distortions generally found 
on “video DAC’s.” External components 
are kept to an absolute minimum 
(bypass capacitors only as needed) by 
including all reference generation cir- 
cuitry and termination resistors on chip, 
by building in high-frequency PSRR 


(eliminating separate Veg’s and costly 
power supplies and filtering), and by 
using a single-ended clock. The guaran- 
teed maximum operating frequency is 
80MHz over the commercial tempera- 
ture range. The device is housed in a 
standard 24-pin package and consumes 
less than 1W of power. 


The NE5151 is a simplified version of the 
NE5150, including all functions except 
the memory. Maximum operating fre- 
quency is 150MHz. 


FEATURES 


e Single chip 

On-board ECL static RAM 
4096 colors 

ECL and TTL compatible 
80MHz update rate (NE5150) 
Low power and cost 

Drives 75-ohm cable directly 
Internal reference 

40dB PSRR 

No external components 
necessary 


APPLICATIONS 

e Bit-Map graphics 

e Super high-speed DAC 
e Home computers 

e Raster-Scan displays 
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PIN CONFIGURATIONS 


NE5150-F PACKAGE 


Do (MSB) [1 | 


A3 [2 | 23] D2 
A2 [3] 122] D3 
A114] 21] WRITEG 
Ao (MSB) [5 | 120] WRITER 
Vec (6 19} WRITE 
WHITE 118] NC 
BRIGHT | 8 | STROBE 
BLANK | 9 | 116} Deno 
SYNC 115] BLUE 
GREEN [11] 114] Ver 
Aenp [12! 113] RED 
TOP VIEW 
Order Number 
NE5150F 


NE5151-F PACKAGE 


RO (MSB) [1 | 24} R14 
G3 [23] R2 
G2 [22] R3 
G1 121} BO (MSB) 
GO (MSB) [20] B1 
Vec 19] B2 
WHITE 118} B3 
BRIGHT [8 | STROBE 
BLANK | 9 | 116] Deno 
SYNC |10) BLUE 
GREEN [11] [14] Vee 
Aeno [12] 113} RED 
TOP VIEW 
Order Number 
NE5151F 
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BLOCK DIAGRAMS 


NE5150 


AO Ai A2 A3 DO D1 D2 D3 


0000 0000 
INPUT 
BUFFERS 
7 nan 


REFERENCE 


mm 
TG 


O O 
GREEN RED BLUE 


ABSOLUTE MAXIMUM RATINGS 


Temperature range 
Operating 
Storage 


Power supply 

Voc 

Vee 

Logic levels 
TTL-high 
TTL-low 
ECL-high 

ECL-low 
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PARAMETER RATING UNIT 


0 to 70 
— 65 to 150 
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DC ELECTRICAL CHARACTERISTICS Vc. =5V (TTL), OV (ECL), Vee= -5V, 0°C<T,<70°C, unless otherwise noted. 


LIMITS 
SYMBOL PARAMETER 


ye | wax 
face ee 
aaa 


rave ar | 1s] 


a 
Negative supply current (NE5150) 175 210 mA 
(NE5151) 145 175 mA 
fw 


a 
eaaieS 
ae 
Eel 
eee! 
eed 
| [beast significant bit 
BS 
[Ro 
tig 


TTL logic input high | 2.0 | 
TTL logic input low 


ECL logic low input current (Viy = — 1.8V) 


TEMPERATURE CHARACTERISTICS V.,=5V (TTL), OV (ECL), Veg = -5V, 0°C<T,<70°C 


LIMITS 
SYMBOL PARAMETER ae 


Offset TC! +100 | ppm/°c 
Gain TC' +200 | ppm/°c 
GainTO | +200 | ppmiec | 


| Min 
ee ae ae 
Peon [eee eee 
| |Gaintracking TC (any twochannels) 
| Enhanced white evel To) | 100 | ppre | 
ae | || 200 | ppmiec | 
pee ae eae 
Seat ae eae 
are ae ee 


NOTE: 
1.N 


ormalized to full scale (603mV). 


+ 1000) ppm/°C 
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AC ELECTRICAL CHARACTERISTICS \V,.=5V (TTL), OV (ECL), Vee= -5V, 0°C<T,<70°C. 


SYMBOL PARAMETER 


Maximum operating frequency (NE5150) | 
Write address setup (NE5150) aa 


Read DAC delay (NE5150) 


= 
Qi 
(o>) 


— 
_ ra) < 


Read strobe pulse width (NE5150) 
Maximum operating frequency (NE5151) : 


4 
2 
4 


ltcs _ | Composite’ hold (NE5151) 
ttnl 


( 
tes 
Composite’ setup (NE5151) 
ftps _| Data-bits setup (NE5151) 
Data-bits hold (NE5151) 
| 
ts 


4 


Strobe pulse width (NE5151) 
DAC delay (NE5151) 
DAC rise time (10-90%) 
lts __| DAC full-scale settling time” 
Output capacitance (each DAC) | 
Glitch energy 
Power supply rejection ratio (to red, green or blue outputs) 
43 
28 
14 
80 
50 
36 
NOTES: 
1. Composite implies any of the WHITE, BRIGHT, BLANK or SYNC signals. 


Vee at 1kHz 
2. Settling to + 1/2 LSB, measured from STROBE 50% point (rising edge). This time includes the delay through the strobe input buffer and latch. 


Vee at 10MHz 
Vee at SOMHz 
Voc at 1kHz 

Voc at 10MHz 
Veo at 50MHz 


Qaaa 
OBOWww 
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Triple 4-Bit RGB DAC 


PIN DESCRIPTION — NE5150 


Write enable inputs use negative-true logic 
while all other inputs are positive-true. All 
inputs operate synchronously with the posi- 
tive edge-triggered strobe input. When V¢z is 
taken high (5V), all inputs are TTL compati- 
ble. When Vcc is grounded, all inputs are 
ECL compatible. All DAC’s are complemen- 
tary, so that all ones is the highest absolute 
voltage and all zeroes is the lowest. All ones 
is called zero scale (ZS) and all zeroes is 
Called fullscale (FS). The analog output volt- 
age is approximately OV (ZS) to — 1V (SYNC). 


Pins 1, 24, 23, 22: DATA bits DO (MSB) 
through D3, used to input digital information 
to the memory during the write phase. During 
this phase, the data bits are presented to the 
internal latches (noninverted) and the DAC’s 
will output the analog equivalent of the stored 
word, unless overridden by WHITE, BLANK 
or SYNC. 


Pins 5, 4, 3, 2: ADDRESS lines AO (MSB) 
through A3, used for selecting a memory 
address to write to or read from. 


Pin 7: WHITE command. Presets the latches 
to all ones [1111] and outputs OV absolute on 
all DAC’s. Can be modified to - 71mV abso- 
lute when BRIGHT is taken low. Will be over- 
ridden by either a BLANK or SYNC 
command. 


Pin 8: BRIGHT command. A low input here 
turns on an additional -— 71mV (10 IRE unit) 


NE5150 TIMING DIAGRAMS 


NE5150 READ CYCLE 


COMPOSITE 


STROBE 


ADDRESS 


DAC-OUTPUT 


switch, shifting all other levels downward. Not 
overridden by any other input. 


Pin 9: BLANK command. Presets the latches 
to all zeroes [0000] and turns on an additional 
—71mV (10 IRE unit) switch. Absolute output 
is -—671mV. Can be modified another 
~7imV to - 742mV absolute when BRIGHT 
is taken low. Will override WHITE, and will be 
overridden by SYNC. 


Pin 10: SYNC command. Presets the latches 
to all zeroes [0000] and turns on the BLANK 
switch. Additionally turns on a -—286mV 
(40 IRE unit) switch in the green channel only. 
Absolute output is —671mV for the red and 
blue channels, and —957mV for the green 
channel. All levels can be shifted — 7imV by 
taking BRIGHT low. Overrides WHITE and 
BLANK. 


Pins 11, 13, 15: GREEN, RED, BLUE. Analog 
outputs with 75-ohm internal termination 
resistors. Can directly drive 75-ohm cable and 
should be terminated at the display end of the 
line with 75 ohms. Output voltage range is 
approximately OV to -—1V independent of 
whether the digital inputs are ECL or TTL 
compatible. All outputs are simultaneously 
affected by the WHITE, BLANK, or BRIGHT 
commands. Only the GREEN channel carries 
SYNC information. 


NOTE: 

There are 100 IRE units from WHITE to BLANK. 
One IRE unit is approximately 7.1mV. Full scale is 
90 IRE units and 10 IRE units is 1/9 of fullscale (e.g., 
BRIGHT function). 


Advance Information 


NES150/ NES154 


Pins 19, 20, 21: WRITE,g, WRITE,, WRITEg. 
Write enable commands for each of the three 
16 x 4 memories. When all write commands 
are high, then the READ operation is 
selected. This is the normal display mode. To 
write data into memory, the write enable pin is 
taken low. Data DO-D3 will be written into 
address AO-A3 of each memory when its 
corresponding write enable pin goes low. 


Pin 17: STROBE. The strobe signal is the 
main system clock and is used for resyn- 
chronizing digital signals to the DAC’s. Pre- 
venting data skew eliminates glitches which 
would otherwise become visible color- 
distortions on a CRT display. The strobe com- 
mand has no special drive requirements and 
is TTL or ECL compatible. 


Pins 12, 16: Agnp, Denp- Both Analog and 
Digital ground carry a maximum of approxi- 
mately 100mA of DC current. For proper oper- 
ation, the difference voltage between Agyp 
and Denp should be no greater than 50mV, 
preferably less. 


Pin 14: Veg. The negative power supply is the 
main chip power source. Vcc is only used for 
the TTL input buffers. As is usual, good 
bypassing techniques should be used. The 
chip itself has a good deal of power supply 
rejection — well up into the VHF frequency 
range — so no elaborate power supply filter- 
ing is necessary. 


Pin 18: N/C. This unused pin should be tied 
high or low. 


NE5150 WRITE CYCLE 


ADDRESS 


WRITE ENABLE 
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Triple 4-Bit RGB DAC NES150/ NES151 


NE5151 PIN DESCRIPTIONS AND 3 
TIMING DIAGRAM . NE5151 TIMING 


The eleven digital inputs DO-D3, A0-A3, 
WRITE G/R/B, and the unused pin 18 of the 
NE5150 are replaced in the NE5151 with the 
three 4-bit DAC digital inputs GO-G3, RO-R3, 
and BO-B3. All other pin functions (e.g., com- STROBE 
posite functions, power supplies, strobe, etc.) 
are identical to the NE5150. 


COMPOSITE 


DATA BITS 


DAC-OUTPUT 


NE5150/NE5151 LOGIC TABLE 


1 Xx x 0 — 1031mV SYNC’ 

1 x X 1 — 960mV Enhanced SYNC’ 

0 1 x 0 — 746mV BLANK | 

0 1 xX 1 — 674mV Enhanced BLANK 

0 0 1 0 - 7imV WHITE 

0 0 1 1 - Omv Enhanced WHITE 

0 0 0 0 — 674mV BLACK (FS) 

0 0 0 1 — 603mV Enhanced BLACK (EFS) 
0 0 0 0 — 7imV WHITE (ZS) 

0 0 0 1 - OmV Enhanced WHITE (EZS) 


NOTES 
1. Green channel output only. RED and BLUE will output BLANK or Enhanced BLANK under these conditions. 
2. For the NE5150 the DATA column represents the memory data accessed by the specific address. For the NE5151, the DATA is the direct digital inputs. 


COMPOSITE VIDEO WAVEFORM 


BRIGHT 


BLACK (0000) 
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Six Function Analog Memory; 


Microcomputer Controlled SAB3013 


The SAB3013 is a MOS N-channel integrated circuit which provides 6 analogue memories controlled 
by a microcomputer. 


Features 


@ 6-function analogue memory; D/A converter with 6-bit resolution. 

@ The output of the analogue values is pulse-width modulated with adjustable repetition rate 
(max. 21,8 kHz). 

@ Microcomputer-adapted asynchronous serial interface for data input (CBUS). 

@ Parallel operation of up to four SAB3013 circuits is possible. 


QUICK REFERENCE DATA 


Supply voltage VoD typ. 5 V 
Operating ambient temperature range Tamb Oto +70 °C 
Clock frequency feLK = 1,4 MHz 
Supply current; Vpp = 5 V; Ig = 0; Tamb = 25 CC IDD typ. 15 mA 


SAB3013 
‘ DATA LATCH COMPARATOR output | '6 ere 
DLEN 1 1 1 
zu f 
CLB DATA LATCH | | COMPARATOR OUTPUT dates 
2 2 
< 
DATA > ft 
QO 
= DATA LATCH | | COMPARATOR re 
< 3 3 
io) 
pa | 
2 
(o) 
SAA CONTROL i 
& Ww 
SAB LOAD rm .) ft, 


CONTROL 


¥ 


8 } 
DATA LATCH |_| COMPARATOR ont 
PBs te ee ; : 
reset 
3 
CLK Fa 
OSC | OSCILLATOR CL/CLN DATA LATCH |_| COMPARATOR 
CLO 6 6 
[| 


DATA pune COMPARATOR ANALS 


ANAL6 


reset 
POWER - ON reset REFERENCE | reference for 


RESET COUNTER comparators 


7Z79614.2 


Fig. 1 Block diagram. 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT-38). 
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Six Function Analog Memory; 


Microcomputer Controlled SABSO1S 

PINNING 

ANAL1 1  Vss ground (0 V) 
9 VDD positive supply 

ANAL2 4 CLB asynchronous clock pulse 
5 DATA data input CBUS 

ANAL3 6 DLEN data line enable input 

ANAL4 7 SAA ‘ 

address inputs 
SAB3013 8 SAB P 

ANALS : 
2 OSC oscillator output 

ANALG 3 CLK oscillator input (Schmitt-trigger) 
16 ANAL1 

CLO 15 ANAL2 
1 eee analogue outputs 

VDD 13. ANAL4 
12 ANAL5 

7Z79611.1 11 ANAL6 
Fig. 2 Pinning diagram. 10 CLO buffered oscillator output 


GENERAL DESCRIPTION 


The SAB3013 is designed to deliver analogue values in microcomputer-controlled television receivers 
and radio receivers. The circuit comprises an analogue memory and D/A converter for 6 analogue 
functions with a 6-bit resolution for each. The information for the analogue memory is transfered by 
the microcomputer via an asynchronous serial data bus. 
The SAB3013 accomplishes a word format recognition, so it is able to operate one common data bus 
together with circuits having different word formats. 
The data word of the microcomputer used for the SAB3013 consists of information for addressing the 
appropriate SAB3013 circuit (2-bits), for addressing the analogue memories concerned (3-bits) and 
processing of the wanted analogue value (6-bits). The address of the circuit is externally programmable 
via two inputs. It is possible to address up to four SAB3013 circuits via one common bus. 
The built-in oscillator can be used for a frequency between 30 kHz and 1,4 MHz. The analogue values 
are generated as a pulse pattern with a repetition rate of fo, «/64 (max. 21,8 kHz at fo_K = 1,4 MHz), 
and the analogue values are determined by the ratio of the HIGH-time and the cycle time. A d.c. 
voltage proportional to the analogue value is obtained by means of an external integration network 
(low-pass filter). 

( 
HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices (see ‘Handling 
MOS Devices’). 
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Six Function Analog Memory; 

Microcomputer Controlled SAB3O13 
RATINGS 
Limiting values in accordance to the Absolute Maximum System (IEC 134) 
Supply voltage range VppD —0,3to+7,5 V 
Input voltage range V\ —0,3to+15 V 
Input current + max. 100 vA 
Output voltage (open drain outputs) Vo Vss to 15 V 
Output current (open drain/push-pull outputs) +lo max. 10 mA 
Power dissipation per output Po max. 25 mW 
Total power dissipation per package Prot max. 250 mW 
Operating ambient temperature range Tamb Oto+70 °C 
Storage temperature range Tstg —20 to +125 °C 
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Six Function Analog Memory; | | 
Microcomputer Controlled SAB3013 


CHARACTERISTICS 
Vss = 0; Tamb = 0 to + 70 °C; Vop = 4,5 to 5,5 V; unless otherwise specified 


Supply voltage 
Supply current 


Inputs DATA, CLB, 
DLEN, SAA, SAB 
Input voltage LOW 


input voltage HIGH 
Input leakage current V; = —0,3 to+ 12 V 


Outputs ANAL1 to 
ANAL6 
(open drain) 
Output voltage LOW 0,7 V 


Output leakage current 20 vA 
Load capacitance 1000 pF 


Input CLK 
Input voltage LOW 0,8 V 


Input voltage HIGH 12 V 

Input leakage current HA V; = —0,3 to 12 V 
Pulse duration HIGH ns 

Pulse duration LOW 


Output CLO 
Output voltage LOW lo 500uA 


Output voltage HIGH | —Ig = 100 A 


Inputs DATA, CLB 
Pulse duration HIGH 


Pulse duration LOW 
Input frequency CLB 


| see Fig. 3 


Internal oscillator 
CLK/OSC 
External resistor 


External capacitor 
Clock frequency R = 27 kQ; C = 27 pF 


Frequency for 
external oscillator 
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Six Function Analog Memory; 


Microcomputer Controlled SAB3013 


/ 


CHARACTERISTICS (continued) 
Vss = 0; Tamb = O to + 70 °C; Vpp = 4,5 to 5,5 V; unless otherwise specified 


ee 


Timing (see Fig. 3) 
Data set-up time 
DATA —» CLB 


Data hold time 
DATA —® CLB 


Enable set-up time 
DLEN —®* CLB 


Disable set-up time 
CLB —®» DLEN 
Set-up time 
DLEN —* CLB (load pulse)} tsy|_p 


measured with a 
voltage swing of 
mo omin. ViVi 


90% 90% 


10 % 


90% 


10% | 10% 10% 
== | ee | 
V —— 
1H 90% 
DATA ( 
10 % 
Mii ——— 


CLB 


10% 


> ~<-—_ eres — <——p | (<-+_> 

tSUEN SUDA (|) [a—tuppa tsup!  ‘tsULD 

= twWH ree —_—~— (WL — 

ENABLE DATA DATA DISABLE LOAD 
7Z84541.1 


Fig. 3 CBUS timing. 
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Six Function Analog Memory; a | 
Microcomputer Controlled | | SAB3013 


OPERATION DESCRIPTION 


The data input is achieved serially via the inputs DATA, DLEN and CLB. Clock pulses have to be 
applied at input CLB for data processing at input DATA. Data processing is only possible when 
DLEN = HIGH. The data from the data buffer is loaded directly into the output latch on receipt of 
a load pulse at input CLB (DLEN = LOW), provided the following conditions are met: | 
@ 12 clock pulses must be received at input CLB (word format control) during transmission (DLEN = 
HIGH). 
@ The start-bit must be LOW. 
@ The system address bits must be A = SAA and B = SAB. 
@ The analogue address must be valid. 
The data word for the SAB3013 consists of the following bits (see Fig. 4): 
1 start-bit 
2 system address bits (A and B) 
3 address bits for selection of the required analogue memory 
6 data bits for processing the analogue value 


DLEN 4H CT 
L 


load pulse 
x 
CLB 
gel Ngee g 
4 start- 

A B iLSB MSB; LSB MSB 

system memory , 

address address engl Ogue: value 7Z79613.1 


Fig. 4 Waveforms showing a CBUS transmission. 


ADDRESS inputs (SAA, SAB) 


The address of the SAB3013 is programmed at the inputs SAA and SAB. These inputs must be 
defined and not left open-circuit. 


Reset 


The circuit generates internally a reset-cycle with a duration of one clock cycle after switching on the 
supply. If a spike on the supply is likely to destroy data, a reset signal will be generated. All analogue 
memories are set to 50% (analogue value 32/64) after the reset cycle. The supply voltage rise dVpp/dt 
must be max. 0,5 V/us and min. 0,2 V/us. 
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Six Function Analog Memory; 


Microcomputer Controlled SAB3013 


Oscillator inputs (CLK, OSC) 

The oscillator frequency is determined by the external circuitry connected to the terminals CLK and 
OSC as shown in Fig. 5. Instead of this circuitry an externally generated oscillator signal can be con- 
nected to input CLK. 


At output CLO a buffered oscillator signal is 
available for control of other circuits. 


For fc, K = 0,7 to 1,4 MHz; 
R = 27 kQ; C= 27 pF. 


a 
: 7Z279612.1 


Fig. 5 Application advice for the oscillator. 


Analogue outputs (ANAL1 to ANAL6) 

The analogue values are generated as a pulse pattern with a repetition rate of fo, «/64 at the outputs 
ANAL1 to ANALG. The analogue value is determined by the ratio of the HIGH-time and the cycle 
time (values between 1/64 and 64/64 can be obtained). 


Table 1 Addressing of the analogue data registers 


RA Rc 

LSB MSB 
0 0 0 not valid 
1 0 0 ANAL1 
0 1 0 ANAL2 
1 1 0 ANAL3 
0 0 1 ANAL4 
1 0 1 ANALS5 
0 1 1 ANAL6 
1 1 1 not valid 


Table 2 Correlation of analogue value to analogue output signal 


binary input data duty cycle 
ao | ited gh: 
63/64 1/64 
lowest value 


62/64 2/64 


4 


64/64 
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8-Bit Multiplying DAC | PNA7548 


GENERAL DESCRIPTION 


The PNA7518 is a NMOS 8-bit multiplying digital-to-analogue converter (DAC) designed for video 
applications. The device converts a digital input signal into a voltage-equivalent analogue output at a 
sampling rate of 30 MHz. 


The input signal is latched, then fed to a decoder which switches a transfer gate array (1 out of 256) to 
select the appropriate analogue signal from a resistor chain. Two external reference voltages supply the 
resistor chain. 


The input latches are positive-edge triggered. The output impedance is approximately 0,5 kQ. depending 
on the applied digital code. An additional operational amplifier is required for the full bandwidth. 
Two’s complement is selected when STC (pin 11) is HIGH or is not connected. 


Features 

@® TTL input levels 

@ Positive-edge triggered 

@ Analogue voltage output at 30 MHz sampling rate 

@ Binary or two’s complement input 

@ Output voltage accuracy to within + % of the input LSB 


QUICK REFERENCE DATA 


Supply voltage range (pin 16) Vpp 45to5,5 V 


Supply current (pin 16) IDD typ. 50 mA 
Reference voltage LOW (pin 2) Vref: min. OV 
Reference voltage HIGH (pin 9) VrefH max. 2V 
Linearity 

at Ry = 200 k{22; Vo = 2 V (peak-to-peak value) +% LSB 
Bandwidth (—3 dB) 

at C} =6 pF B min. 12 MHz 
Clock frequency foLK max. 30 MHz 
Total power dissipation Prot typ. 300 mW 


Applications 


@ Video data conversion 

® CRT displays 

@® Waveform/test signal generation 
®@ Colour/black-and-white graphics 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT-38WE-1). 
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8-Bit Multiplying DAC PNA7518 


siete digital voltage input (V)) 
complement (+5V) 
(STC) bit O bit 1 bit2 bit3 bit4 bit5 bit6bit7 Von 


MSB 


clock input INPUT BUFFER/LATCH x 8 


(foLK) 
DECODER 
| _- 256 
: PNA7518 
VretH : O 
analogue 
reference voltage 
voltage output 
inputs (V 
AO) 
VrefL 


7280546 


100 to 150 nF 
i Vgs 
Vpp—é«( OV) 


Fig. 1 Block diagram. 
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8-Bit Multiplying DAC PNA75‘8 | 
PINNING 
Fe] V 1 VAO analogue output voltage 
ic 2 VrefL reference voltage LOW 
bit 4 3 bit 3 
4 bit 2 ee . 
14] bit 5 5 bit 1 digital voltage inputs (V)) 
bit 6 6 bit 0 least-significant bit (LSB) 
PNA7518 . 7 VBB back bias 
ns 8 Vss ground 
STC 9 VrefH reference voltage HIGH 
10 fCcLK clock input 
"CLK 11 STC select two’s complement 
act Vignes 12 bit 7 most-significant bit (MSB) 
13 bit 6 diaital vol , V 
ae 0EaG 14 bit 5 igital voltage inputs (Vj) 
15 bit 4 
Fig. 2 Pinning diagram. 16 Vpp positive supply voltage 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage range (pin 16) Vpop —O05to+7 V 
Input voltage range (pins 3, 4, 5, 6, 

11,12, 13,14and 15) — | Vy —0,5to+7 V 
Output voltage range (pin 1) Vao —0,5to+7 V 
Total power dissipation Prot max. 400 mW 
Storage temperature range T stg —65 to + 150 °C 
Operating ambient temperature range Tamb Oto +70 °C 
HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 


“Handling MOS Devices’’). 
" 
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8-Bit Multiplying DAC PNA7518 


CHARACTERISTICS 
Vpp = 4,5 to 5,5; Vss = 0 V; Cap = 100 nF; Tamb = 0 to + 70 °C; unless otherwise specified. 


renew ert noe fe [i 


Supply (pin 16) 
Supply voltage 
Supply current 


Reference voltages 4 
Reference voltage LOW (pin 2) 
Reference voltage HIGH (pin 9) 
Reference ladder 


Inputs 


Digital input levels (TTL) (note 1) 
input voltage LOW 
input voltage HIGH 
input leakage current 


Clock input (pin 10) 
input voltage LOW 
input voltage HIGH 
input leakage current 
frequency 
pulse width HIGH 
pulse width LOW 
input rise time at fo, K = 30 MHz 
input fall time at fo, «K = 30 MHz 


Output 


Analogue voltage output (pin 1) 
at Ry = 200 k{2) 


Bandwidth (—3 dB) at Cy =6 pF 


Switching characteristics (Fig. 3) 
Data set-up time 
Data hold time 


Propagation delay time, input to output 


Settling time: 10 to 90% full-scale change; 
Cy =6 pF; Ry = 200 kQQ 

Settling time to + 1 LSB; 
Cy =6 pF; Ry = 200 kX 
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8-Bit Multiplying DAC PNA75‘18 


Output transients (glitches) 
(note 2 and Fig. 3) 


Glitch occurring at step 7F-80 (HEX): 
maximum amplitude for 1 LSB change area 


Glitch occurring at step OO-AA (HEX): 
maximum amplitude for 1 LSB change area 


Influence of clock frequency (note 2) 


Cross-talk at 2 x fcLK 
amplitude 
area 


Notes to the characteristics 


1. Inputs bit O to bit 7 are positive-edge triggered and STC. 

2. Measured at Vrety-Vref_ = 2,0 V; 1 x LSB = 7,8 mV. The energy equivalent of output transients is 
given as the area contained by the graph of output amplitude (LSB) against time (ns). The glitch 
area is independent of the value of V-e¢. Glitch amplitudes and clock cross-talk can be reduced by 
using a shielded printed circuit board. ~ 


tL K 


i 'PWH = 
Ser OV 


0,8V 


CLOCK 1,5V 


i gpg . 
o 9X | Yds Uda 


ANALOGUE 1 1 
OUTPUT /2 LSB /2 LSB 
tpp tso 7Z80548 


Fig. 3 Switching characteristics. 
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44-Bit DAC (Serial Output) TDA1540D, P 


GENERAL DESCRIPTION 


The TDA1540 is a monolithic integrated 14-bit digital to analogue converter (DAC). It incorporates a 
14-bit input shift register with output latches, binary weighted current sources with switches and a 
reference source. 


The IC features an improved switch circuitry which eliminates the need for a deglitcher circuit at the 
output. This results in a signal-to-noise ratio of typical 85 dB in the audio band. 


QUICK REFERENCE DATA 


Supply voltages 


pin 4 Vp4 typ. 5 V 

pin 7 VN1 typ. —-5 V 

pin 11 VNQ2 typ. —17 V 
Signal-to-noise ratio (full scale sine-wave) 

at analogue output (pin 22) S/N typ. 85 dB 
Non-linearity at Tamp = —20 to + 70 OC typ. “2 LSB 
Current settling time tes typ. 0.5 ws 
Maximum input bit rate 

at data input (pin 1) BRmax min. 12 Mbit/s 
Maximum clock frequency 

at clock input (pin 28) fol max Min. 12 MHz 
Full scale temperature coefficient 

at analogue output (pin 22) TCes typ. +30-10°° K"! 
Operating ambient temperature range Tamb —20 to + 70 °C 
Total power dissipation Prot typ. 350 mW 


PACKAGE OUTLINES 


TDA1540D: 28-lead DIL; ceramic (cerdip) (SOT-135A). 
TDA1540P: 28-lead DIL; plastic (SOT-117BE). 
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44-Bit DAC (Serial Output) | TDA1540D, P 


FUNCTIONAL DESCRIPTION 


The binary weighted current sources are obtained by a combination of a passive divider and a time 
division concept. Figure 1a gives the diagram of one divider stage. The total emitter current 41 of the 
passive divider is divided into four more or less equal output currents. 


The output currents of the passive divider are now interchanged during equal time intervals generated 
by means of a shift register. The average output currents are exactly equal as a result of this operation. 
A ripple on the output current, caused by a mismatch of the passive divider, is filtered by an a.c. 
low-pass filter, requiring an external filter capacitor. 


The outputs of the dividers are combined to obtain the output currents | (14), 1 (1) and 21 (3) 
(see Fig. 1b). The current of the most significant bit is generated by an on-chip reference source. 
A binary weighted current network is formed by cascading the current division stages (see Fig. 2). 


The interchanging pulses are generated by an on-chip oscillator and a 4-bit shift register. The binary 
currents are switched to the current output (pin 22) via diode-transistor switching stages; therefore, 
the voltage on the output pin must be 0 V + 10 mV. The output current can be converted into a 
voltage by means of a summing amplifier. 


Figure 3 represents the data input format, and an application circuit is given in Fig. 4. 


SHIFT 
REGISTER 


Siena | 


7289039 


Fig. 1a Circuit diagram of one divider stage. Fig. 1b Waveforms showing output 
currents |7, lg and |3 of Fig. 1a. 
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{4-Bit DAC (Serial Output) TDA1540D, P 


DATA 


CP 


SHIFT REGISTER 


LATCH 


| AS 


LE 


4—BIT 
SHIFT REGISTER 


Fig. 2 Functional diagram showing cascading of current division stages. 


>40ns 


DATA ___wseX_X_]) 


—_— 
— r 
— wa aad 
—_> | |<——— 


—— {—————— 
> 35ns >35ns >5nsi_euwi> 10ns 
LE 7 
—_—— 
> 40ns 
7Z89038.1 


Fig. 3 Format of input signals. 
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14-Bit DAC (Serial Output) | | TDA1540D, P 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltages 
with respect to GND (pin 6) 


at pin 4 | Vp4 max. 12 V 
at pin 7 ) : VN1 max. —12 V 
at pin 11 VNQ2 max. —20 V 
at pin 4 with respect to pin 11 Vp1—-VNn2 max. 32 V 
at pin 7 with respect to pin 11 VN1-VN2 —1to+20 V 
Total power dissipation Prot max. 600 mW 
Storage temperature range T stg —55 to+ 125 °C 
Operating ambient temperature range Tamb —25 to +80 OC 


CHARACTERISTICS (see application circuit Fig. 4) 
Tamb = 25 °C; at typical supply voltages; unless otherwise specified 


ome emt [wn [oe [om om 


Supply voltages 
with respect to GND (pin 6) 


at pin 4 


at pin 7 


at pin 11 


Supply currents 


at pin 4* 


at pin 7 


at pin 11 


Power dissipation 
Total power dissipation 


Temperature 
Operating ambient temperature range 


* When the output current is “Il Fs (% full scale output current). 
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44-Bit DAC (Serial Output) TDA1540D, P 


Data input DATA (pin 1) 

Input voltage HIGH 

Input voltage LOW 

Input current HIGH at Viy 

Input current LOW at Vj, 

Maximum input bit rate Mbits/s 


Latch enable input LE (pin 2) 
Clock input CP (pin 28) 
Input voltage HIGH 

Input voltage LOW 

Input current HIGH at Vj yj 
Input current LOW at Vi, 
Maximum clock frequency 


Oscillator (pins 8 and 9) 


Oscillator frequency 
at Cg.g = 820 pF 


Analogue output Ioy¢ (pin 22) 


Output voltage compliance 


Full scale current 
Zero scale current 


Full scale temperature coefficient 
Tamb = —20 to + 70 °C 


Settling time to + %~LSB 
all bits on or off 


Signal-to-noise ratio* 


* Signal-to-noise ratio within 20 Hz and 20 kHz of a 1 KHz full scale sinewave, generated at a sample 
rate of 44 kHz.. 
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14-Bit DAC (Serial Output) TDA1540D, P 


1nF 
2.5 K 
DATA ie a 
ie L 20kHz | output 
: TDA1540 ~ NE5B534 th order 
620 Cauer-type 
(0.5%) filter 
metal- film 
resistors 
7Z89082.2A 
Fig. 4 Application circuit. 
PINNING 
1 DATA data input CP 
2 LE latch enable input 
3 Vref voltage reference os 
4 Vp4 positive supply 26 | icc, 
5. hic.” frequency compensation 
on-chip operational amplifier [25] c10 
6 GND ground fas | cg 
7 VNq negative supply 7 
See ope: oscillator capacitor 23] ¢8 
9 OSC2 P22] tout 
10 Vref? voltage reference TDA1540 
11. Va negative supply 21] C7 
12 Cl | decoupling binary 20] ce 
13 C2 weighted current 
14 C3 J sources | 119] C5 
15 lref1 
c4 
16 lre¢2 | current reference sources Hd 
18 C4 
l 
19 C5 | decoupling binary weighted | 16} Iret2 
20 C6 | current sources 15 | lrett 
ZA ae 72Z86851.A 
22 lout analogue output 
23 C8 decoupling binary Fig. 5 Pinning diagram. 
24 C9 weighted current 
25 C10 sources 
26 _i.c.* voltage reference 
27 i.c.* voltage reference 
28 CP clock pulse input 


* i.c.: internally connected. 
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Selector Guide 


COMPARATORS 


MAX. INP. 
OFFSET CURRENT SUPPLY RESPONSE] move | CUTPUT VOLTAGE INPUT 
com- | TEMP. | VOLT [BIAS OFFSET VOLTAGE TIME | VOLTAGE VOLTAGE 
PLEXITY | RANGE’ | (mV) (uA) (uA) (V) FANOUT 


bLM1111 
LM211 
LM311 
NE5272 
SE527 
NE529° 
SE529 
LM1193 
LM219 
LM319 
LM1939 
LM293 
LM393 
LM2903 
SE/NE5214 
SE/NE522 
LM1393 
LM239 
LM339 
LM2901 
MC33023 


Notes: 

1. With strobe, will work from singie supply. “Temperature Range 
2. Complementary output gates with individ: al strobes. | = Industrial 

3. Will operate from single or dual supplies. Cc = Commercial 

4. Ultra-high speed. M = Military 


+5 and GND 
+1to +18 
or 
+2 to +36 GND 


M 
| 
Cc 
Cc 
M 
C 
M 
M 
| 
Cc 
M 
| 
Cc 


+5, —5, GND 
+5, ~5, GND 


=S_ 
56 


+1to +180r 
+2to +36 


+2to +28 GND 


VNUAYNAOUANNNANNANNAUAAHATMH 
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Micropower Voltage Detector PCF125 


8-LEAD DUAL IN-LINE; PLASTIC (SOT-97A) 


+— 8,25 max ———> 


seating plane 


8,3 7273585.5 


6 Positional accuracy. 


14,12max'3) 4.73 max 


Maximum Material Condition. 


top view (1) Centre-lines of all leads are 
within +0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


Dimensions in mm 
(3) Only for devices with 
asymmetrical end-leads. 
SOLDERING 


1. By hand 


Apply the soldering iron below the seating plane (or not more than 2 mm above it). 
If its temperature is below 300 °C it must not be in contact for more than 10 seconds; if between 
300 °C and 400 °C, for not more than 5 seconds. 


2. By dip or wave 


The maximum permissible temperature of the solder is 260 °C; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 
must not exceed 5 seconds. | 

The device may be mounted up to the seating plane, but the temperature of the plastic body must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis- 
sible limit. 


3. Repairing soldered joints 
The same precautions and limits apply as in (1) above. 
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Micropower Voltage Detector PCF1251 
8-LEAD MINI-PACK; PLASTIC (SO-8; SOT-96A) 


5,0 
4,8 
fe] 
| iw; ° 
6 
+_|/ 
0,7 
0,6 
4 
el le 
0,7 max | 
> 
< 
~~ 
< 
a) 
= top view 
= Dimensions in mm 
< 
” 
z Positional accuracy. 
= (MV) Maximum Material Condition. 
O 
— 
Lu 
> 
Lu 
a) 
SOLDERING 


1. Soldering iron or pulse heated solder tool 


Apply the heating tool to the flat part of the pin only. 

Limit the contact time to maximum 10 seconds up to 300 °C, or 5 seconds up to maximum 400 °C. 
When using the proper tools, up to 20 pins (at one side of the device) can be soldered in one 
operation with 2 to 5 seconds and 270 to 320 °C. 


2. By dip or wave 


The maximum permissible temperature of the solder is 260 °C. The permissible total time of 
immersing the whole package in the bath is 10 seconds, if it is allowed to cool down to less than 
150 °C within 6 seconds. 


3. Repairing soldered joints 


The same precautions and limits apply as in (1) above. 
If the vertical part of the pin needs heating, reduce the soldering iron temperature to 260 °C. 
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Symbols and Definitions 


Absolute Maximum Rating 

Operating safe zones. Exceeding these limits could-cause permanent 
damage to the device and are not meant to imply that devices can 
operate at these limits. 


BCD 
Binary Coded Decimal. 


BI/RBO | 
Blanking Input or Ripple Blanking Output. 


CE 
Chip Enable. 


CLR 


Clear. Clear command will preset all internal circuits to a pre- 
determined state. 


Duty Cycle 
Ratio of time on to time off. Generally expressed in percentage. 


Fax 
The maximum clock frequency: the maximum input frequency at a 


clock input for the predictable performance. Above this frequency the 
device may cease to function. 


Ip 
Input Bias Current. Current into an analog circuit input, 
specified at a particular voltage level. 


lec (— leo) 

Supply Current. The current flowing into the + Voc (— Voc) Sup- 
ply terminal of the circuit with specified input conditions and 
open outputs. Input conditions are chosen to guarantee worst 
case operation unless specified. 


lex 

Output Leakage Current. The current flowing out of or into a 
disabled (off) output with a specified High output voltage ap- 
plied. 


lin 
Input High Current. The current flowing into or out of an input 
when a Specified High level voltage is applied to that input. 


lie 
Input Low Current. The current flowing out of an input when a 
specified Low level voltage is applied to that input. 


lou 
Output Current Source the device can supply while maintaining 
a specified voltage output level. 


lon _. 
Output Low Current. The current flowing into an output when it 
is in the Low State. 


los 
Output Short-Circuit Current. The current flowing out of an output 
which is in the High state when that output is shorted to ground. 


Is 
Source Current. Current flowing into the Vg supply terminal of 
the device with specified operating conditions. 


Isec 

Segment Current. The amount of current supplied to each seg- 
ment as a display. Current ratios are generally compared to seg- 
ment ‘b’. 


September 1985 


LED 
Light Emitting Diode. 


Package Type Designation 
See full package designations in Appendix. 


Power Dissipation 

The power that the device can safely handle at 15°C. The dissi- 
pation must be derated as indicated for the individual package 
type. 

RBI 

Ripple Blanking Input. 


Segment Identification 


Ambient temperature range. Allowable range of the surrounding 
environment of the operating device. 


th 

Hold Time. The interval immediately following the active transi- 
tion of the timing pulse (usually the clock pulse) or following the 
transition of the control input to its latching level, during which 
interval the data to be recognized must be maintained at the in- 
put to ensure its continued recognition. A negative hold time in- 
dieates that the current logic level may be released prior to the 
active transition of the timing pulse and still be recognized. 


Ty 
Junction Temperature. The maximum temperature of the device. 
150°C is standard for silicon devices. 


teHL 

Propagation Delay Times. The time between the specified refer- 
ence points on the input and output waveforms with the output 
changing from the defined HIGH level to the defined LOW level. 


teLH 

Propagation Delay Time. The time between the specified refer- 
ence points on the input and output waveforms with the output 
changing from the defined LOW level to the defined HIGH level. 


trec 
Recovery Time. The time between the reference point on the 


trailing edge of an asynchronous input control pulse and the 


reference point on the activating edge of a synchronous (clock) 
pulse input such that the device will respond to the synchronous 
input. 

t, 

Setup Time. The interval immediately preceding the active tran- 
sition of the timing pulse (usually the clock pulse) or preceding 
the transition of the control input to its latching level, during 
which interval the data to be recognized must be maintained at 
the input to ensure its recognition. A negative setup time in- 
dicates that the correct logic level may be initiated sometime 
after the active transition of the timing pulse and still be 
recognized. 
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Symbols and Definitions 


DISPLAY DRIVER DEFINITIONS § (Cont'd) 


Truth Tables 

0 is logic level low 

1 is logic level high 

X — don’t care condition — has no effect under circuit condi- 
tions listed. 


Typical Value 

The typical value of a particular parameter at 25°C determined by 
characterization of the device or sampling. Usually indicates that the 
particular device is not 100% tested for the parameter because it 
-does not vary or can be determined by design and other tested varia- 
bles. Occasionally typical values are given rather than min-max 
values because 100% testing would raise the cost of the product to a 
prohibitive level. If a typical value must be guaranteed to ensure spe- 
cific operation, custom testing can often be provided at an additional 
cost to the user. 


Ver 

Output Breakdown Voltage. Maximum voltage applied to a 
disabled (off) output to ensure a leakage current less than the 
specified value. 


Voc (- Veo) 

Supply Voltage. The range of power supply voltage over which 
the device will operate safely. 

Ve 

Forward voltage drop of a device at a specified current level. 
Vin 


Input High Voltage. The range of input voltages recognized by 
the device as a logic high. 


Vin 
Input Low Voltage. The range of input voltages recognized by 
the device as a logic low. 


Vin 
The range of voltage on any input which the device can safely 
handle or a specified input voltage to the device. 


Vou 

Output High Voltage. The minimum guaranteed High voltage at 
an output terminal for the specified output current Io, and at the 
minimum Veco value. 


Vor 
Output Low Voltage. The maximum guaranteed low voitage at an 
output terminal sinking the specified load current lo. 


Vout 

The range of voltage on any output which the device can safely 
handle or a specified output voltage to the device. 

Vs 

Source Voltage. A separate Vcc line depending on part type. 


XX 


Negate Bar — when it appears over a function indicates that the 
“true” or valid condition of that function is a logic low level. 
i.e. LE — would require a logic high level to cause a latch enable 


LE — would require a logic low level to cause a latch enable. 
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Quad Line Driver MC1488 


DESCRIPTION FEATURES PIN CONFIGURATION 

The MC1488 is a quad line driver which e¢ Current limited output: +10mA Typ 

converts standard DTL/TTL input logic lev- © Power-off source impedance: 3000 Min D,F,N PACKAGE 

els through one stage of inversion to output ¢ Simple slew rate control with external V 

levels which meet EIA Standard No. RS- capacitor ee 

232C and CCITT Recommendation V.24. e Flexible operating supply range INEUTAS 
e Inputs are DTL/TTL compatible y INPUT 4A 

: OUTPUT 4 

APPLICATIONS INPUT 3B 
¢ Computer port driver INPUT 3A 
e Digital transmission over long lines y : OUTPUT 3 
e Slew rate control 
¢ TTLIDTL to MOS translation Lidia 


ORDER NUMBERS 
MC1488D MC1488F, MC1488N 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING 


Supply voitage V+ +15 

V- -15 
Input voltage (Vin) -15 < Vin = 7.0 
Output voltage +15 


Power dissipation: 

F package 1000 

N package 800 
Operating temperature range 0 to +75 
Storage temperature range -65 to +150 
Lead temperature (soldering, 10sec) 300 


CIRCUIT SCHEMATIC 


INPUT © 


INPUT O 


O OUTPUT 


1/4 CIRCUIT 
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Quad Line Driver MC1488 


DC ELECTRICAL CHARACTERISTICS v+ =+9.0V + 1%, V- =-9.0V + 1%, Ta = 0°C to +75°C 


unless otherwise specified. 
All typicals are for V+ = 9.0V, V- = -9.0V, and Ta = 25°C.* 


PARAMETER TEST CONDITIONS 


Logic “O” input current Vin = OV 
Logic “1” input current Vin = +5.0V 


V+ = 9.0V 
V- = -9.0V 
V+ = 13.2V 
V- = -13.2V 


V+ = 9.0V 
Re = 3.0k0 V- = -9.0V 
Vin = 1.9V V+ = 13.2V 

V- = -13.2V 


High level output voltage 


Low level output voltage 


High level output Vout = OV 
Short-circuit current Vin = 0.8V 
Low level output Vout = OV 
Short-circuit current Vin = 1.9V 

: V+ = V- =0V 


V+ = 9.0V, V- = -9.0V 
V+ = 12V, V- = -12V 


- V+ = 15V, V- = -15V 
Positive supply current 
(output open) V+ = 9.0V, V- = -9.0V 
V+ = 12V, V- = -12V 
V+ = 15V, V- = -15V 


V+ = 9.0V, V- = -9.0V 
V+ = 12V, V- = -12V 


; V+ = 15V, V- = -15V 
Negative supply current 

(output open) V+ = 9.0V, V- =-9.0V 

V+ = 12V, V- = -12V 

V+ = 15V, V- = -15V 


V+ = 9.0V, V- = -9.0V 

V+ = 12V, V- = -12V 

Propagation delay to “1” (tpa1) Ri = 3.0kN, Cy = 15pF, Ta = 26°C 
Propagation delay to “0” (tpao) Re = 3.0kN, CL = 15pF, Ta = 25°C 
Rise time (ty) Ry = 3.0kN, C_ = 15pF, Ta = 25°C 
Fall time (t¢). Ri = 3.0kN, Cy = 15pF, Ta = 25°C 


Power dissipation 


NOTE 


‘Voltage values shown are with respect to network ground terminal. Positive current is 
defined as current into the referenced pin. 
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~ Quad Line Driver MC1488 


TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT VOLTAGE AND - RS232C DATA TRANSMISSION 
CURRENT-LIMITING 
CHARACTERISTICS 


) 114 
T7LIDTL 1/4 M1488 MCtisee — TALIDTL 


Pes 


INTERCONNECTING 


2 4/4 MC1489) CABLE 
T'LIDTL = c1489A 


* 
INTERNALDATA | 


TERMINAL = 
EQUIPMENT MODEM 


Io — OUTPUT CURRENT (mA) 


~16 -—-12 -8 —4 NOTE 


Vo OUTPUT VOLTAGE (V) *Optional for noise filtering 


AC LOAD CIRCUIT APPLICATIONS TYPICAL APPLICATIONS 


By connecting a capacitor to each driver DTL/TTL-TO-MOS TRANSLATOR 
output the slew rate can be controlled utiliz- 


ing the output current limiting characteris- +12V 
tics of the MC1488. For a set slew rate the 
appropriate capacitor value may be calcu- 1/4 MC 1488 
lated using the following relationship 


C = Isc (AT/AV) 


where C is the required capacitor, Isc is the 
short circuit current value, and AV/AT is the 
slew rate. 


RS232C specifies that the output slew rate DTL/TTL-TO-HTL TRANSLATOR 
must not exceed 30V per microsecond. 


fo 15V Spe Using the worst case output short circuit +12V 
tpd 0 current of 12mA in the above equation, 


VIN | | yy ; ; 
y— tpd 1 calculations result ina required capacitor of 1/4 MC1488 


a To a 400pF connected to each output. 
50% 


NOTE 


NOTE 
*C. includes probe and jig capacitance. 


SWITCHING WAVEFORMS 


tr and tt are measured 
between 10% and 90% 
of the output waveform 


DTL/TTL-TO-RTL TRANSLATOR 
+12V 


1/4 MC1488 


-~12V +3.0V_ 
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DESCRIPTION 

The MC1489/MC1489A are quad line re- 
ceivers designed to interface data terminal 
equipment with data communications 
equipment. They are constructed on a 
single monolithic silicon chip. These de- 
vices Satisfy the specifications of EIA stand- 
ard No. RS232C. 


ABSOLUTE MAXIMUM RATINGS 
PARAMETER 


Power supply voltage 
Input voltage range 
Output load current 
Power dissipation: 
F package 
N package 
Operating temperature range 
Storage temperature range 


EQUIVALENT SCHEMATIC 


(1 4 OF UNIT SHOWN) 


RESPONSE 
CONTROL 


MC1489: Rr = 10k 
MC1489A: Rr = 2k 


FEATURES 


® Four totally separate receivers per pack- 


APPLICATIONS 


¢ Computer port inputs 


Modems 


Programmable threshold 
Built-in input threshold hysteresis sid Voc 
“Fail safe” operating mode 
Inputs withstand +30V 


Eliminating noise in digital circuitry 
MOS to TTL/DTL translation OUTPUT 2 


Product Specification 


MC1489/ MC1489A 


PIN CONFIGURATION 
D, F, N PACKAGE 


RESPONSE 


T4 
CONTROL 1 INPU 


OUTPUT 1 


INPUT 2 


RESPONSE 
CONTROL 2 


RESPONSE 
CONTROL 3 


OUTPUT 3 


TOP VIEW 
ORDER NUMBERS 
MC1489D, MC1489AD 
MC1489F, MC1489AF, MC1489N, MC1489AN 


VOLTAGE WAVEFORMS 


RATING 


0 to +75 


-65 to +150 


AC TEST CIRCUIT 


RESPONSE 
CONTROL 
= OPEN OUTPUT Vcc 


.@) oO 


1SpF 
INCLUDING 
JIG AND PROBE 
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Quad Line Receivers ~ MC1489/ MC1489A 


DC ELECTRICAL CHARACTERISTICS Vcc = 5.0V + 1%, 0°C < Ta < +75°C unless otherwise specified.1.2 


oe dni 
fs | Tor | Mer | Mie | Ton | ion 


Input high threshold voltage Ta = 25°C, Vout s 0.45V, 
lout = 10mA 
Input low threshold voltage TA = 25°C, Vout S 2.5V, 
lout = -0.5mA 
Vin = +25V 
VIN = -25V 


Input current Vin = +3V +0.43 | +0.53 +0.43 | +0.53 
Vin = -3V ~0.43 | -0.53 -0.43 | -0.53 
Output high voltage Vin = 0.75V, lout = -0.5mA 2.6 


Input = Open, lout = -0.5mA : ‘ 
Output low voltage Vin = 3.0V, lout = 10mMA ; a 0.45 


Output short circuit current Vin = 0.75V 3.0 3.0 ‘mA 
iC ae current Vin = 5.0V 20 20 26 a 


NOTES 


1. Voltage values shown are with respect to network ground terminal. Positive current is 
defined as current into the referenced pin. 
2. These specifications apply for response control pin = open. 


AC ELECTRICAL CHARACTERISTICS Voc = 5.0V + 1%, Ta = 25°C unless otherwise specified.12 


| © MC1489 MC1489A 
PARAMETER TEST CONDITIONS | mciaso UNIT 


| min | typ | Mex | min | typ | Max | 
Input to output “high” Ri = 3.9kN (AC test circuit) 


Propagation delay (tpq1) 
Input to output “low” 
Propagation delay (tpao) 


Output rise time 
Output fall time 


NOTES 


1. Voltage values shown are with respect to network ground terminal. Positive current is 
defined as current into the referenced pin. 
2. These specifications apply for response control pin = open. 


Ri = 3900 (AC test circuit) 


Ri = 3.9kN (AC test circuit) 
Ri = 3902 (AC test circuit) 


TYPICAL APPLICATIONS 
RS232C DATA TRANSMISSION 


MOS TO TTL/DTL TRANSLATOR 


1/4MC1489/ 
TTL/DTL 1/4MC 1488 MC1489A TTL/OTL 


-—— 
+ 


R 
INTERCONNECTING 


1/4MC1489/ CABLE 
TTL/DTL MC1489A | 


-—-—-74 TTL/DTL 
| MOS LOGIC I > 
Le Gs ieee cea 


1/4 MC 1489/ 
MC 1489A 


SIGNAL GROUND 


INTERFACE DATA 
TERMINAL 
EQUIPMENT 


“Optional for noise filtering 
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Addressable Relay Driver NE5090 


DESCRIPTION FEATURES PIN CONFIGURATION 
The NE5090 addressable relay driver is a * 8 high current outputs 
high current latched driver, similar in func. ¢ Low-loading bus compatible inputs D’,F,N PACKAGE 
tion to the 9934 address decoder. The device ° Power-on clear ensures safe operation 

e Will operate in addressable or 


has 8 open collector Darlington power out- 
puts, each capable of 150mA load current. demultiplex mode 

The outputs are turned on or off by respec- ° Allows random (addressed) data entry 
tively loading a logic ‘‘1” or logic “0” into the Easily expandable 

device data input. The required output is ° Pin compatible with 9334 

defined by a 3 bit address. The device must 

be enabled by a CE input line which also 

serves the function of further address APPLICATIONS 

decoding. A common clear input, CLR, turns 


e Relay driver 
all outputs off when a logic “0” is applied. , Indicator lamp driver 
The device is packaged in a 16 pin plasticor . trac trigger 
CERDIP package. ¢ LED display digit driver TOP VIEW 
e Stepper motor driver 
ORDER NUMBERS 
BLOCK DIAGRAM NESO90N 


NESOSOF 
NE5090D' 


NOTES: 

1. SOL - Released in Large SO package only. 
2. SOL and non-standard pinout. 

3. SO and non-standard pinouts. 


1-OF-8 
DECODER 


INPUT STAGE OUTPUT STAGE 


ABSOLUTE MAXIMUM RATINGS 


T, = 25°C unless otherwise specified. 


Voc Supply voltage -0.5to+7 

Vin Input voltage — 0.5 to+ 15 

Vour Output voltage 0 to+ 30 

IGnp Ground current 500 

lour Output current 200 
Each output 


Pp Power dissipation’ 1 
Ambient temperature range 
T, NE5090 0 to+ 70 
Ty Junction 150 
Tstg Storage ~- 65 to + 150 . 
Tsoig Lead soldering temperature 300 
(10 sec max) 
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Addressable Relay Driver | NE5090 


PIN DESIGNATION 
| PINNO. | symBon [0 NAMEANDFUNCTION, 


A 3-bit binary address on these pins defines which of the 8 output latches is to receive the data. 
The 8 device outputs. 
The data input. When the chip is enabled, this data bit is transferred to the defined output such that: 


“1” turns output switch “ON” 
“QO” turns output switch “OFF” 


The chip enable. When this input is low, the output latches will accept data. When CE goes high, all 
_ Outputs will retain their existing state, regardless of address of data input conditions. 


The clear input. When CLR goes low all output switches are turned “OFF”. The high data input will 
override the clear function on the addressed latch. 


TRUTH TABLE 


INPUTS OUTPUTS 
CLR CE D Ao A1 A2 | Qo Q1 Qa Qg Qqg As Ag Q7 


x [ee ee 


L = Qn-4————————_ 
Ons) FF OA. 
Qn-1 L Qn-1 

Qn-1-————>_ H 
Qn-1-————-——> L 


Addressable 
Latch 


TE Le Ly 


Cee ee 

TririrrtreyixRXxjyTereITrliTe 
OGG CES ER eA a aca ne = RN ne Do es al Os ed 
Toreree] RM; TIOCee 
Trrrrereere |_ Ry|;-TIOCCer 


= 


X = Don’t care condition 


Qn-1 = Previous output state 
L = Low voltage tevel/“ON” output state 
H = High voltage level/“OFF” output state 


DC ELECTRICAL CHARACTERISTICS v,- = 4.75V to 5.25V, 0°C < T, = 70°C unless otherwise specified (NE5090)*. 


lo, = 150MA, Ty = 25°C 


Over temperature 


Input current 
High 


Supply current 
All outputs low 
All outputs high 


NOTES 


1. Derate power dissipation as indicated above threshold ambient temperature 
NE5090 N at 9.3mW/°C above 85°C 
NES090 F at 7.5mW/°C above 65°C 


2. All typical values are at Voc = 5V and Ta = 25°C 
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Addressable Relay Driver ’ NE5090 


SWITCHING CHARACTERISTICS Vv, = 5V, T, = 25°C, Vout =5V, loyr = 100MA, Vj, = 0.8V, Vi4 = 2.0V 
PARAMETER 


Propagation delay time 
teLy Low to high’ 
teHe High to low’ 
teLy Low to high? 
teHe High to low? 
teLH Low to high® 
tet High to low 


teLy Low to high* 
teHt High to low4 


SWITCHING SETUP REQUIREMENTS 


ts)? Chip enable High data 
ts)? Chip enable Low data 


tit), 
tH 
Chip enable pulse width’ 


NOTES 


1. See Turn-On and Turn-Off Delays, Enable to Output and Enable Pulse Width timing diagram. 
2. See Turn-On and Turn-Off Delays, Data to Output timing diagram. 

3. See Turn-On and Turn-Off Delays, Address to Output timing diagram. 

4. See Turn-Off Delay, Clear to Output timing diagram. 

5. See Setup and Hold Time, Data to Enable timing diagram. 

6. See Setup Time, Address to Enable timing diagram. 


TIMING DIAGRAMS 


TURN-ON AND TURN-OFF DELAYS, ENABLE TO OUTPUT TURN-ON AND TURN-OFF DELAYS, DATA TO OUTPUT 
AND ENABLE PULSE WIDTH 


Other Inputs: CLR=H, A= Stable, Other Inputs; CE=L, CLR=H, A=Stable 


TURN-ON AND TURN-OFF DELAYS, ADDRESS TO OUTPUT TURN-OFF DELAY, CLEAR TO OUTPUT 


A 


Other Inputs: CE=L, CLR=L, Other Inputs: CE =H, 
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TIMING DIAGRAMS (Cont'd) 


SETUP AND HOLD TIME, DATA TO ENABLE 
SETUP TIME, ADDRESS TO ENABLE 


Other Inputs: CLR = H, 


Other Inputs: CLR=H, A= Stable, 


TYPICAL APPLICATIONS 


DRIVING SIMPLE LOADS 
INTERFACING WITHA 
MICROPROCESSOR SYSTEM 


O +5V TO 28V 


ONOO0000 
OOOO0DS0NO 
NOAMNEWNKIO 


0 
1 

2 
3 
4 
5 
6 
7 


VO 
CONTROL 


Ao, A1, A2, may be connected to the 
address bus if permitted by system design. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT VOLTAGE VS LOAD CURRENT 


= 
Ww 
1) 
§ 
- 
wd 
°o 
> 
ra 
2 
a 
- 
| 
°o 


100 150 
OUTPUT LOAD CURRENT (mA) 
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DESCRIPTION 


The NE5170 is an octal line driver which 
is designed for digital communications 
with data rates up to 100Kb/s. This 
device meets all the requirements of EIA 
standards RS232C/RS423A and CCITT 
recommendations V.10/X.26. Three pro- 
grammable features, (1) output slew rate 
(2) output voltage level, and (3) three- 
state control (high impedance) are pro- 
vided so that output characteristics may 
be modified to meet the requirements of 
specific applications. 


FUNCTION TABLE 


NOTES: 


1. Vog = + 10V and Veg = — 10V; R, = 3KQ 
2. Voc = + 12V and Vee = —- 12V; Ry = 3KQ 
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OUTPUT VOLTAGE (V) 


= yapre | LOGIC 
ENABLE INPUT 
Low Output Mode’ | High Output Mode? 


t 
2 9V 
s-9V 
High Z High Z High Z 


FEATURES 


e Meets EIA RS232C/423A and 
CCITT V.10/X.26 

e Simple slew rate programming with 
a single external resistor 

e 0.1 to 10V/us slew rate range 

e¢ High/low programmable voltage 
output modes 

e TTL compatible inputs 


APPLICATIONS 


e High speed modems 

e High speed parallel 
communications 

e Computer I/O ports 

e Logic level translation 
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PIN CONFIGURATION 


N Package 


ENABLE 
VEE 

Rst 

NC 

NC 


TOP VIEW 
Order Number 
NE5170N 


G Package 


A; Ao NC Ho #; 


20 [27] [24 


Rs. NC NC NC NC | GND 
- MODE 


TOP VIEW 
Order Number 
NE5170G 
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ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING 


Supply Voltage Voc 15 
Supply Voltage Ve- - 15 
Output Current! + 150 
Input Voltage (Enable, Data) -1.5to +7 
Output Voltage? +15 


Minimum Slew Resistor? 1K 
Power Dissipation 800 


Vin = 0.8V 
Ry. = 3Ka4 


em 
[nase 
| 


SYMBOL. 
V, 


Output high voltage 


R, =3K05, C, = 2500pF Veo -3 


Vin = 2.4V 
R, = 3Ka* 
Output low voltage R, = 45004 


R, = 3K05, CL = 2500pF 


Le 
2 
Sere 
os 
T= 100 
[20 
meee 
= 
eae 
= 
se 
ee 
=u 


Vou 
Voi 
Output leakage current [Vol = 6V, ENABLE = 2V or Vgg = Veg = OV 
Logic “0” input current Vin = 0.4V 

| im | Logic “1” input current Vin =2.4V 


Input clamp voltage in = — 15mA — 1.5 
NO LOAD 
Supply current 
fe lee NO LOAD 
NOTES: 


. Maximum current per driver. Do not exceed maximum power dissipation if more than one output is on. 
. High impedance mode. 
. Minimum value of the resistor used to set the slew rate. 


» Von: Vo, at Ri = 4500 will be =90% of Vo}, Vo, at Ry = &. 
. High Output Mode; + MODE pin = Vo>; —- MODE pin= Veg; 9V < Vocg < 18V; -9V = Vee = - 18V. 


oA WD 
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AC ELECTRICAL CHARACTERISTICS Voc = + 10V; Vee = - 10V; Mode = GND, 0°C < 


SYMBOL PARAMETER TEST CONDITIONS 


tpHz 


impedance 


impedance 


high output 


low output 


Ouput slew rate! 


NOTE: 


Propagation delay output high to high 


Propagation delay output low to high 


Propagation delay high impedance to 


Propagation delay high impedance to 


R, = = 450, C. = 
or 

R, = 3K, C. = 2500pF 

R, = 450, C, = 50pF 
or 

R, = 3K, C, = 2500pF 


50pF 


R, = 450, Cc. = 50pF 
or 
Ry = 3K, Cc. = 2500pF 


Ri. = 450, Ch = 50pF 
or 
= 3K, C, = 2500pF 


a = 2K 41% | 
Re, = 20K + 1% Vius 
Re. = 200K + 1% 0.073 


a <= 70°C 
TT 


1. SR: Load condition. (A) For Rg, <4KQ use R, = 4500; C, = 50pF; (B) For Re, >4KQ use either R, = 4500, C, = 50pF or R, = 3KQ, C, = 2500pF. 


SLEW RATE PROGRAMMING 


Slew rate for the NE5170 is set using a single 
external resistor connected between the Rg 
pin and ground. Adjustment is made accord- 
ing to the formula: 


20 


Rg (in kilohms) = Slew Rate 
where the slew rate is in V/us. The slew resis- 
tor can vary between 2 and 200 kilohms which 
gives a slew rate range of 10 to 0.1V/ys. This 
adjustment of the slew rate allows tailoring 
output characteristics to recommendations 
for cable length and data rate found in EIA 


APPLICATIONS 


standard RS423A. Approximations for cable 
length and data rate are given by: 


Max. data rate (in Kb/s) = 300/t 
Cable length (in feet) = 100 x t 


where t is the rise time in microseconds. The 
absolute maximum data rate is 100Kb/s and 
the absolute maximum cable length is 
4000 feet. 


OUTPUT MODE PROGRAMMING 


The NE5170 has two programmable output 
modes which provide different output voltage 


*TIE TO GROUND FOR 
RS232C 


*MODE PINS CONNECTED FOR 


PROPER OUTPUT LEVEL 
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RS232C/RS423A Data Transmission 
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VeaNE5180/ 
NE5181 


levels. The low output mode meets the speci- 
fications of EIA standards RS423A and 
RS232C. The high output mode meets the 
specifications of RS232C only since higher 
output voltages result from programming this 
mode. The high output mode provides: the 
greater output voltages where higher attenua- 
tion levels must be tolerated. Programming 
the high output mode is accomplished by con- 
necting the +MODE pin to Voc and the 
- MODE pin to Veg. The low output mode 
results when both of ‘these pins are con- 
nected to ground. 


= 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
a 
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AC PARAMETER TEST CIRCUIT AND WAVEFORMS 


ENABLE 


Vout 


DIN 
- MODE GND +MODE Vee Rsi 


NOTES: 1) See AC electrical characteristics table for values of Rs_, Ri and C,. 
2) Vin pulse: Frequency = 1kHz, duty cycle = 50%, Zoyt = 500, ty =ts< 10ns. 
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DESCRIPTION FEATURES PIN CONFIGURATION 


The NE5180 and NE5181 are octal line «© Meets EIA RS232C/423A/422A and 
receivers designed to interface data ter- CCITT V.10, V.11, V.28 

minal equipment with data communica- e Single +5V supply — TTL 

tions equipment. These devices meet compatible outputs 

the requirements of EIA standards Differential inputs withstand + 25V 
RS232C, RS423A, RS422A, and CCITT Failsafe feature 

V.10, V.11, V.28, X.26 and X.27. The Input noise filter (NE5180 only) 
NE5180 is intended for use where the internal hysteresis 

data transmission rate is up to 200 Kb/s. 

The NE5181 covers the entire range of 

data rates up to 10 Mb/s. The difference APPLICATIONS 

in data rates for the two devices results ¢ High speed modems 

from the input filtering of the NE5180. ¢ High speed parallel 

These devices also provide a failsafe communications 

feature which protects against certain « Computer I/O ports 

input fault conditions. e Logic level translation 


N Package 


FUNCTION TABLE 


FAILSAFE LOGIC 
ie INPUT OUTPUT 


NOTE: 


1. Vip is defined as the non-inverting terminal input voltage minus the inverting terminal G Package 
input voltage. 


TOP VIEW 
Order Numbers 
NE5180N NE5181N 


NE5180 
NE5181 


D+ Do GND E- E+ Eo F- 


TOP VIEW 
Order Numbers 
NE5180G NE5181G 
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ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING UNITS 
mW 


Power Dissipation 800 

Supply Voltage (Vcc) 7 V 
Common Mode Range +15 

Differential Input Voltage (Vip) +25 

Output Sink Current 50 

Failsafe Voltage -0.3 to Veo 

Output Short Circuit Time 1 


DC ELECTRICAL CHARACTERISTICS vV,, =5V + 5%, 0°C < Ty < 70°C, input common mode range +7V 


| NESi80 | NESte1 | 
SYMBOL PARAMETER TEST CONDITIONS UNITS 
jrsmes| remain | tercommene a a 
| Ry | 


DC input resistance 3V < |Vin| <= 25V | 3K | 7K | 3K | 7K | ao | 
V raildate-outour vole Inputs open or 0 < lout = 8MA, Viaiisate = OV Pf 0.45 | | 0.45 . 
OFS 


Vin Differential input high* Vout = 2.7V, re ee ee V 
threshold lout = — 440A | Rs=500' {| fs | | 


Vy [Differential input low! Vour=0.45\, | Rs=0' | -0.2| | -o2| | 
threshold lour = 8MA 


[Von [High eve ouput votage [~~ Wlge -GA—SCSC~“‘idt CYC | 


ios [Stor cieut outpureurent] —=S~S~‘UN a SSS* (| 00 | | 100 | A 
SN a 


ee 


NOTES: 

1. Rg is a resistor in series with each input. 

2. Measured after 100ms warm up (at 0°C). 

3. Only 1 output may be shorted at a time and then only for a maximum of 1 sec. 
4. See Figure 1 for threshold and hysteresis definitions. 


Vil, Vin, 0 Vile Vin, VIN 


Figure 1. Vi, Vin, Vy Definition 


AC ELECTRICAL CHARACTERISTICS Vo, =5V + 5%, 0°C < Ty < 70°C 


SYMBOL PARAMETER TEST CONDITIONS ___Nesieo | _NESt61__| 


Propagation delay — low to high = 5OpF, Vin= +1V | {| 300 | 


CL = ; = 
Propagation delay — high to low C, = 50pF, Vin= +1V 
Moe a Acceptable input frequency Unused input grounded, Vy = + 200mV 
= ae Rejectable input frequency Unused input grounded, V,;y= + 500mV 
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FAILSAFE OPERATION 


These devices provide a failsafe operating 
mode to guard against input fault conditions 
as defined in RS422A and RS423A stan- 
dards. These fault conditions are (1) driver in 
power-off condition, (2) receiver not intercon- 
nected with driver, (3) open-circuited intercon- 
necting cable, and (4) short-circuited inter- 
connecting cable. If one of these four fault 
conditions occurs at the inputs of a receiver, 
then the output of that receiver is driven to a 


APPLICATIONS 


VeNE5170 


RS422A 
LINE 
DRIVER 


AC TEST CIRCUIT 
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known logic level. The receiver is pro- 
grammed by connecting the failsafe input to 
Voc Or ground. A connection to Voc provides 
a logic ‘‘1” output under fault conditions, 
while a connection to ground provides a logic 
“0”. There are two failsafe pins (Fg, and Fgo) 
on the NE5180 or NE5181 where each pro- 
vides common failsafe control for four 
receivers. 


INPUT FILTERING (NE5180) 


The NE5180 has input filtering for additional 
noise rejection. This filtering is a function of 
both signal level and frequency. For the speci- 
fied input (5.5MHz at +500mV) the input 
stage filter attenuates the signal such that the 
output stage threshold levels are not 
exceeded and no change of state occurs at 
the output. As the signal amplitude decreases 
(increases) the rejected frequency decreases 
(increases). 


VeNE5180/ 
NE5181 


| VFAILSAFE 
ees 


| *TIE TO GROUND 
| FOR RS232C 


RS232C/RS423C Data Transmission 


RS422A Data Transmission 
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Ve NE5180/ 
NE5181 


O VFAILSAFE 


VOLTAGE WAVEFORMS 


INPUT 
(Vin *-Vin7) 


tPHL 


OUTPUT 
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DESCRIPTION 

The NE587 is a latch/decoder/driver for 7- 
segment common anode LED displays. The 
NE587 has a programmable current output 
up to 50mA which is essentially independent 
of output voltage, power supply voltage, and 
temperature. The data (BCD) inputs and LE 
(latch enable) input are low-loading so that 
they are compatible with any data bus sys- 
tem. The 7-segment decoding is implement- 
ed with a ROM so that alternative fonts can 
be made available. 


FEATURES 

® Latched BCD inputs 

© Low loading bus-compatibie inputs 

© Rippie-blanking on leading and/or trail- 
ing edge zeros 


APPLICATIONS 

® Digital panel meters 

e Measuring instruments 
e Test equipment 

® Digital clocks 

© Digital bus monitoring 


ABSOLUTE MAXIMUM RATINGS Ty = 25°C unless otherwise specified 


PARAMETER RATING UNIT 


Supply voltage 


input voltage = 
(Do - D3, LE, RBI) 


Output voltage 
(a-g, RBO) 


Power dissipation (25°C)! 
Ambient temperature range 
Junction temperature 
Storage temperature range 


Soldering temperature 
(10 sec. max) 


NOTE 
Derate power dissipation as indicated 


N package - 95°C/watt above 55°C 
F package - 100°C/watt above 50°C 


BLOCK DIAGRAM 


RBi (5) O 


Do (7) O 
D1(1) O 


DATA 
LATCHES eae 


D2 (2) O 


D3 (6) O 


LE (3) O 


BANDGAP 


Ip (8) © REFERENCE 


—0.5 to +7 
—0.5 to +15 


~0.5 to +7 


1000 
0 to 70 
150 
—65 to +150 
300 


O RBO/Bi (4) 


BCD TO 
7-SEGMENT 
DECODER 


SEGMENT 
CURRENT 
DRIVER 


POWER GND (10) 
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PIN CONFIGURATIONS 


F,N PACKAGE 


TOP VIEW 


ORDER NUMBERS 
NE587F NE587N 


D2 PACKAGE 


Dy 
Do 
te 


BI/RBO. 
RBI 
NC 


DIG GND 


TOP VIEW 
NE587D? 


NOTES: 

1. SOL - Released in Large SO package only. 
2. SOL and non-standard pinout. 

3. SO and non-standard pinouts. 
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DC ELECTRICAL CHARACTERISTICS voc = 4.75 to 5.25V, 0°C < Ta < 70°C. 
Typical values are at Vcc = 5V, Ta = 25°C, Rp = 1k (+ 1%) unless otherwise stated. 


eee |} a 
PARAMETER TEST CONDITIONS aie 
yp 


Input high voltage All Inputs except Bi 
Bi 


Vic Input clamp voltage IN = —12mA, Ta = 25°C 


Input high current Inputs Dg —D3, LE, RBI 
VIN = 2.4V 
VIN = 15V 
Input BI (pin 4) 
RBI = H 
Vin = Voc = 5.25V 


VIN = 0.4V, Inputs Dg — Dg 
LE, RBI 


Input BI 
ee = §.25V 
=H, Vin = 0.4V 
Output low voltage Output RBO 
lout = 3. OmA 
Output high voltage Output RBO 
louT = —S0uA 3.5 V 
RBI =H 
lOUT Output segment Outputs “a” thru “g” 
“ON” current VouT = 2.0V 


AlOUT Output current ratio With reference to “b” segment 
(all outputs ON) VouT = 2.0V 
loFF Output segment Outputs “a” thru “g” pA 
“OFF” current Vout = 5.0V 
Icco Supply current Vcc = 5§.25V mA 
All outputs “ON” 
Vout > 1V 
Iccl Supply current Voc = 5.25V 
All outputs blanked 


NOTE 

NE587 PROGRAMMING 

The NE587 output current can be programmed, provided a program resistor, Rp, be 
connected between Ip (pin 8) and Ground (pin 9). The voitage at Ip (pin 8) is constant 


iL Input low current 


. ° 
(= 1.3V). Thus, a current through Rp is Ip =~ Rp 3s shown in Figure 5. lp is 20 in the 
15 to 50mA output current range. 


September 1985 4-92 


Signetics Linear Products Product Specification 


LED Decoder! Driver NE587 


AC ELECTRICAL CHARACTERISTICS Vcc = 5V Ta = 25°C. Ry. = 1300, Cy = 30pF including a capacity. 


PARAMETER TEST CONDITIONS 
tp av. Propagation delay From data to output 
Figure 2 
tDay. Propagation delay From LE to output 
Figure 3 
Latch enable pulse width 
Figure 4 
Latch enable setup time From data to LE 
Figure 4 
tH Latch enable hold time From LE to data 
Figure 4 


NOTE 
=) 
toy = % (tH + tty) 


TRUTH TABLE 


NOTES 

H = HIGH voltage level, output is “OFF” 
L = LOW voltage level, output is “ON” 
X = Don’t care 


* The RBi will blank the display only if a binary zero is stored in the latches. 


* RBO/BI used as an input overrides all other input conditions. 


SEGMENT IDENTIFICATION 
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NE587 PROGRAMMING 

NE587 output current can be programmed 
by using a programming resistor, Rp, con- 
nected between rp (pin 8) and Gnd (pin 9). 
The voltage at rp (pin 8) is constant 
(~1.40V). A partial schematic of the volt- 


age reference used in the NE587 is shown in 
figure 1. 


Output current to program current ratio, 
lo/Ip, is 20 in the 15mA to 50mA range. 
Note that Ip must be derived from a resistor 
(Rp), and not from a high impedance source 
such as an IoyT DAC used to control display 
brightness. 


fee om om a ae ee ee ee es es ee es a es ee ee ee 0 a 


BAND GAP 
REFERENCE 


fe on om om om ow oe en on om om od 


Figure 1 


TIMING DIAGRAMS 


PROPAGATION DELAY, DATA TO OUTPUT 


OUTPUT 


I tPHL —> 


on a. oe 


Figure 2 


OUTPUT 
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PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 


| tPLH |. {PHL 
- VS see ae ae 
09-03 . x 


Figure 3 
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POWER DISSIPATION 
CONSIDERATIONS 


LED displays are power-hungry devices, 
and inevitably somewhat inefficient in their 
use of the power supply necessary to drive 
them. Duty cycle control does afford one 
way of improving display efficiency, pro- 
vided that the LEDS are not driven too far 
into saturation, but the improvement is mar- 
ginal. Operation at higher peak currents has 
the added advantage of giving much better 
matching of light output, both from segment- 
to-segment and digit-to-digit. 


An output current of 10 to 50mA was chosen 
so that it would be suitable for multiplexed 
operation of large size LED digits. When de- 
signing a display system, particular care 
must be taken to minimize power dissipation 
within the IC display driver. Since the output 
is a constant current source, all the remain- 
ing supply voltage, which is not dropped 
across the LED (and the digit driver, if 
used), will appear across the output. Thus, 
the power dissipation will go up sharply if 
the display power supply voltage rises. 
Clearly, then, it is good design practice to 
keep the display supply voltage as low as 
possible consistent with proper operation of 
the supply output current sources. Inserting 
a resistor or diode in series with the display 
supply is a good way of reducing the power 
dissipation within the integrated circuit seg- 
ment driver, although, of course, total sys- 
tem power remains the same. 


Power dissipation may be calculated as fol- 
lows. Referring to figure 6, the two system 
power supplies are Vcc and Vs. In many 
cases, these will be the same voltage. Nec- 
essary parameters are: 


Vcc, Supply voltage to driver 

Vs, Supply voltage to display 

Icc: Quiescent supply current of 
driver 

ISEG, LED segment current 

VF. LED segment forward voltage at 
Iseg 

Kpc: % Duty cycle 


Vp, the forward LED drop, depends upon the 
type of LED material (hence the color) and 
the forward current. The actual forward volt- 
age drops should be obtained from the LED 
display manufacturer's literature for the 
peak. segment current selected; however, 
approximate voltages at nominal rated cur- 
rents are: 


Red 1.6 to 2.0V 
Orange 2.0 to 2.5V 
Yellow 2.2 to 3.5V 
Green 2.5 to. 3.5V 
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TIMING DIAGRAMS (Cont'd) 


nn a 
eae a 


=== en 


OUTPUT 


LLL 


______XITZ/xX_ 


Figure 4 


TYPICAL PERFORMANCE CURVES 


SUPPLY CURRENT VS SUPPLY VOLTAGE 
NE587 


Vcc (VOLTS) —— 


NORMALIZED OUTPUT CURRENT 
VS SUPPLY VOLTAGE 


NE587 
(Rp = 1K) 


ies 
CARAS 


5.0 5.5 6.0 
Vcc (VOLTS) ————» 


OUTPUT CURRENT VS OUTPUT VOLTAGE 
NE587 
Rp = 1Kohms 


te) 10 20 30 40 5.0 


Vout (VOLTS) —> 


MAXIMUM POWER DISSIPATION 
VS TEMPERATURE 


Ta CC) ——» 
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These voltages are all for single diode dis- 
plays. Some early red displays had 2 series 
LEDS per segment; hence the forward volt- 
age drop was around 3.5V. 


Thus a maximum power dissipation calcula- 
tion when all segments are on, is: 


Pg = Vcc X Ico + (Vg — Ve) X 7 X Iseg xX Koc 
mW 


Assuming Vs = Vcc = 5.25V 
Ve = 2.0V 
Koc = 100% 
Pg max =5.25 X 50 + 3.25 X 7 X 30 mW 
= 945 mW 


NORMALIZED OUTPUT CURRENT 
VS TEMPERATURE 


(Rp = 1K) 


10 20 30 40 50 60 70 80 
TEMP (°C) ———————-> 


OUTPUT CURRENT 
VS PROGRAM RESISTOR 


Rp (Kohms) ——» 
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TYPICAL APPLICATIONS | 


DRIVING A SINGLE DIGIT 


vec 


NOTE 


Decoupling capacitor on Voc should be 0.01 uF ceramic 


Figure 6 


However, the average power dissipation will 
be considerably less than this. Assuming 5 
segments are on (the average for all output 
code combinations), then 


Pd ay = 5.0 X 30 + 3.00 X 5 X 25 mw 
= 525 mW 


Operating temperature range limitations can 
be deduced from the power dissipation 
graph. (See Typical Performance Charac- 
teristics). 


However, a major portion of this power dissi- 
pation (Pq max) is because the current 
source output is operating with 3.25 V 
across it. In practice, the outputs operate 
satisfactorily down to 0.5V, and so the extra 
voltage may be dropped external to the inte- 
grated circuit. 


Suppose the worst case Voc/Vs supply is 
4.75 to §.25V, and that the maximum V_ for 
the LED display is 2.25V. Only 2.75V is re- 
quired to keep the display active, and hence 
2.0V may be dropped externally with a resis- 
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tor from Vcc to Vs. The value of this resis- 
tor is calculated by: 


2.0 


Rs = = 102 (% W rating) 
assuming worst case Igeg of 30 mA 
Hence now Pg max = Voc X Ico + (Vg — Vy - 
Ry X 7 X Iseg) X 7 X X Igeg 
X Koc 
=§.25X 50+ 1.25X7 X30 
mW 
= 525 mW 
and Pg ay = 5.0 X 30 + 1.25 X 5 X 25 
= 306 mW 


If a diode (or 2) is used to reduce voltage to 
the display, then the voltage appearing 
across the display driver will be indepen- 
dent of the number of “ON” segments and 
will be equal to 


Vg — Ve -— Vg, Vp = 0.8V 


Where n is the number of diodes used, pow- 
er dissipation can be calculated in a similiar 
manner. 
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In a multiplexed display system, the voltage 
drop across the digit driver must also be 
considered in computing device power dissi- 
pation. It may even be an advantage to use a 
digit driver which drops an appreciable volt- 
age, rather than the saturating PNP transis- 
tors shown in figure 9. For example a dar- 
lington PNP or NPN emitter follower may be. 
preferable. Figure 8 shows the NE591 as 
the digit driver in a multiplexed display sys- 
tem. The NE591 output drops about 1.8V 
which means that the power dissipation is 
evenly distributed between the two integrat- 
ed circuits. 


Where Vs and Vcc are two different sup- 
plies, the Vg supply may be optimized for 
minimum system power dissipation and/or 
cost. Clearly, good regulation in the Vg sup- 
ply is totally unnecessary, and so this supply 
can be made much cheaper than the regu- 
lated 5V supply used in the rest of the sys- 
tem. In fact a simple unsmoothed full-wave 
rectified sine wave works extremely well if a 
slight loss in brightness can be tolerated. A 
transformer voltage of about 3-4.5V rms 


. works weil in most LED display systems. 


Waveforms are shown below: 


ISEG 


The duty cycle for this system depends upon 
Vs, Ve and the output characteristics of the 
display driver. 


With 
Vs = 4.9V pk. 
Ve = 2.0V 


The duty cycle is approximately 60%. 
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TYPICAL APPLICATIONS (cont’a) 


4-DIGIT DISPLAY WITH BRIGHTNESS CONTROL 
AND LEADING EDGE RIPPLE BLANKING 


BRIGHTNESS CONTROL O 


Figure 7 


INTERFACING 8-DIGIT LED DISPLAY WITH uP BUS 


DATA BUS 


ADDRESS BUS 


ADDRESS 
DECODE 


Figure 8 
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TYPICAL APPLICATIONS (Cont'd) 


4-DIGIT MULTIPLEXED LED DISPLAY 


Vs O 


DIGIT 1 O 
DIGIT 2 O 
DIGIT3 O 


DIGIT 4 O be O 


Figure 9 


For additional information, refer to the Applications Section. 
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48-Element LCD BarGraph Display Driver 


PCF1303T 


DESCRIPTION 

The PCF1303T is an LCD driver which 
drives 18 LCD segments in linear rela- 
tion to a control voltage. The PCF1303T 
has 2 modes, one producing a continu- 
ous bar (thermometer mode), the other 
activating one LCD element (pointer 
mode). Maximum and minimum refer- 
ence voltage is set via external circuitry. 


FEATURES 
e 18-element bar graph capability 


® 2 modes: thermometer and 
pointer mode 


e Operating voltage 6.0V - 10.0V 

e Operating temperature -—40 to 
+ 85°C 

e 28 pin SO package 


APPLICATIONS 
e Gauges 


e Volume/level indicators 
e Thermometers 


FUNCTION TABLE 


L 
H 


Pointer 
Thermometer 

H=HIGH state (the more positive voltage) 

L = LOW state (the less positive voltage) 


PIN 
1 


SYMBOL 
Vosc 


Veet. min 
ref. max 
Vop 
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PIN CONFIGURATION 


TOP VIEW 


CD01320S 

FUNCTION 
Oscillator terminal 
Connect to Vss 
Connect to Vss 
Thermometer/pointer 
(Choice select input) 
Positive power supply 
Bar output 
Bar output 
Bar output 
Bar output 
Bar output 
Bar output 
Bar output 
Bar output 
Bar output 
Bar output 
Bar output 
Bar output 
Bar output 
Bar output 
Bar output 
Bar output 
Bar output 
Bar output 
Back plate output 
Control voltage input 
Reference voltage input 
Reference voltage input 
Negative power supply 
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TYPICAL SET-UP CONFIGURATION 


Voo Vrer Vrer Vc On O18 O17 O1— O45 O7g O73 O12 O14, O49 
MAX MIN 


Vosc Ip bb ky 


eee 
ee 
as 
Cc 
been 
=a 
es 
Co] 
ey 
ores | 
eo 
Ss 
Pe 
pL al 
ae 
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| 
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GENERAL DESCRIPTION 


The PCF8576 is a peripheral device which interfaces to almost any liquid crystal display (LCD) having 
low multiplex rates. It generates the drive signals for any static or multiplexed LCD containing up to 
four backplanes and up to 40 segments and can easily be cascaded for larger LCD applications. The 
PCF8576 is compatible with most microprocessors and communicates via a two-line bidiréctional bus 
(12C). Communication overheads are minimized by a display RAM with auto-incremented addressing, 
by hardware subaddressing and by display memory switching (static and duplex drive modes). 


Features 


@ Single-chip LCD controller/driver 

Selectable backplane drive configuration: static or 2/3/4 backplane multiplexing 

Selectable display bias configuration: static, 1/2 or 1/3 

40 segment drives: up to twenty 8-segment numeric characters; up to ten 15-segment alphanumeric 
characters; or any graphics of up to 160 elements 

40 x 4-bit RAM for display data storage 

Auto-incremented display data loading across device subaddress boundaries 

Display memory bank switching in static and duplex drive modes 

Versatile blinking modes 

LCD and logic supplies may be separated 

Wide power supply range: from 2 V for low-threshold LCDs and up to 9 V for guest-host LCDs and 
high-threshold (automobile) twisted nematic LCDs 

@ Low power consumption 

@ Power-saving mode for extremely low power consumption in battery-operated and telephone 
applications 

I?C bus interface 

TTL/CMOS compatible 

Compatible with any 4-bit, 8-bit or 16-bit microprocessors 

May be cascaded for large LCD applications (up to 2560 segments possible) 

Optimized pinning for single plane wiring in both single and multiple PCF8576 applications 
Space-saving 56-lead plastic mini-pack (VSO-56) 

Very low external component count (at most one resistor, even in multiple device applications) 
Compatible with Philips/Videlec chip-on-glass technology 

Manufactured in silicon gate CMOS process 


PACKAGE OUTLINES 


PCF8576T: 56-lead mini-pack; plastic (VSO-56; SOT-190). 
PCF85/76U: uncased chip in tray 
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BPO BP2 BP1 BP3 SO -_-—— ee $39 


pepe pepe f= 


ie hte eae me 
BACKPLANE : 
fT OUTPUTS LAY SEGM 
i C) 
S SELECTOR 
VicbD 


BIAS 
GENERATOR 


CLK | 4 
SYNC|3_| TIMING BLINKER 
osc 
OSCILLATOR 
Rosc ) 
Ta 


Vss 


Eee es 
SDA FILTERS 


PCF8576 


INPUT 
BANK 
SELECTOR 


DISPLAY 
RAM 


40x4BITS 


OUTPUT 
BANK 
SELECTOR 


DISPLAY 


CONTROLLER 


DATA 
POINTER 
COMMAND 


DECODER 


SUB - 
ADDRESS 
COUNTER 


SAO AO Al A2 
7Z91475.1 


Fig. 1 Block diagram. 
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sat] U fags . oe °C bus data input/output 
gs Baie 2 SCL l?C bus clock input/output 
SYNC 54] $37 3 SYNC cascade synchronization input/output 
CLK [ 4 | S36 4 CLK external clock input/output 
Vop [5 S35 5 Vpop positive supply voltage 
osc [61 rei] $34 6 OSC oscillator input 
AO 50} $33 : i l2C bus subaddress inputs 
ai[s | 49] $32 9 A2 
aoa 8] $31 10 SAO I7C bus slave address bit O input 
11 V logic ground 
ae a 12 a a cite voltage 
Nes Lt Bese 13. BPO | 
YLCD 46] $28 es ie LCD backplane outputs 
BPO 144] $27 be a 
. eae _. . a | LCD segment outputs 
56 S39 
BP3 | 16 | }41| S24 
SO 40] S23 
S1 | 18 | $22 
S2 | 19] S21 
$3 [20 $20 
S4 | 21| 136] S19 
S5 |22| S18 
S6 [23] S17 
$7 |24, 133} S16 
S8 S15 
S9 |26| S14 
S10 S13 
$11(28| S12 
7Z91476.1 


Fig. 2 Pinning diagram. 
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FUNCTIONAL DESCRIPTION 


The PCF8576 is a versatile peripheral device designed to interface any microprocessor to a wide variety 
of LCDs. It can directly drive any static or multiplexed LCD containing up to four backplanes and up to 
40 segments. The display configurations possible with the PCF8576 depend on the number of active 
backplane outputs required; a selection of display configurations is given in Table 1. 


Table 1 Selection of display configurations 


no. of dot matrix 


segmenets 


active back- 
plane outputs 


14-segment 
alphanumeric 


7-segment 
numeric 


20 digits + 
20 indicator 
symbols 


160 dots 
(4 x 40) 


10 characters + 
20 indicator 
symbols 


15 digits + 8 characters + 120 dots 
3 120 15 indicator 8 indicator (3 x 40) 

symbols symbols 

10 digits + 5 characters + 80 dots 
2 10 indicator 10 indicator (2 x 40) 

symbols symbols 

5 digits + 2 characters + 40 dots 
1 5 indicator 12 indicator 

symbols symbols 


All of the display configurations given in Table 1 can be implemented in the typical system shown in 
Fig. 3. The host microprocessor maintains the 2-line 1?C bus communication channel with the PCF8576. 
A resistor connected between OSC (pin 6) and Vsg (pin 11) controls the device clock frequency. The 
appropriate biasing voltages for the multiplexed LCD waveforms are generated internally. The only 
other connections required to complete the system are to the power supplies (Vpp, Vss and VL cp) 
and to the LCD panel chosen for the application. 


LCD PANEL 
HOST eee 
PCF8576 (up to 160 


elements) 


MICRO- 
PROCESSOR 


13-16 


7 8 9 10 1 


Fig. 3 Typical system configuration. 
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Power-on reset 

At power-on the PCF8576 resets to a defined starting condition as follows: 
1. All backplane outputs are set to Vpp. 

2. All segment outputs are set to Vpp. 

3. The drive mode ‘1 : 4 multiplex with 1/3 bias’ is selected. 

4. Blinking is switched off. 

5. Input and output bank selectors are reset (as defined in Table 5). 

6. The I?C bus interface is initialized. 

7, The data pointer and the subaddress counter are cleared. 


Data transfers on the |?C bus should be avoided for 1 ms following power-on to allow completion of the 
reset action. 


LCD bias generator 


The full-scale LCD voltage (Vp) is obtained from Vpp — Vicp. The LCD voltage may be temperature 
compensated externally through the V; cp supply to pin 12. Fractional LCD biasing voltages are obtained 
from an internal voltage divider of three series resistors connected between Vpp and Vi cp. The centre 
resistor can be switched out of circuit to provide a % bias voltage level for the 1 : 2 multiplex configuration. 


LCD voltage selector 


The LCD voltage selector coordinates the multiplexing of the LCD according to the selected LCD drive 
configuration. The operation of the voltage selector is controlled by MODE SET commands from the 
command decoder. The biasing configurations that apply to the preferred modes of operation, together 
with the biasing characteristics as functions Of Von = Vpp — VLcp and the resulting discrimination 
ratios (D), are given in Table 2. 


Table 2 Preferred LCD drive modes: summary of characteristics 


LCD drive mode LCD bias V of f(rms) Von (rms) Von(rms) 
configuration 7 Voft(rms) 


static (1 BP) static (2 levels) oo 


1: 2 MUX (2 BP) 1/2 (3 levels) /2/4= 0,354 | ./10/4=0,791 | ./5= 2,236 
1: 2 MUX (2 BP) 1/3 (4 levels) 1/3 = 0,333 5/3 =0,745 | ./5=2,236 
1: 3 MUX (3 BP) 1/3 (4 levels) 1/3 = 0,333 / 33/9 = 0,638 | ./33/3 = 1,915 
1: 4 MUX (4 BP) 1/3 (4 levels) 1/3 = 0,333 /3/3=0,577 | ./3= 1,732 
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LCD voltage selector (continued) 


A practical value for Vop is determined by equating Voff(rms) with a defined LCD threshold voltage 
(VithLCp), typically when the LCD exhibits approximately 10% contrast. In the static drive mode a 
suitable choice is Von < 3 VihLcD- 


Multiplex drive ratios of 1 : 3 and 1 : 4 with 1/2 bias are possible but the discrimination and hence the 


contrast ratios are smaller (\/3 = 1,732 for 1 : 3 multiplex or,/21/3 = 1,528 for 1 : 4 multiplex). 
The advantage of these modes is a reduction of the LCD full scale voltage V op as follows: 


1: 3 multiplex (1/2 bias) : Vop =/6 Voff(rms) = 2,449 V off(rms) 
1: 4 multiplex (1/2 bias) : Vop = 4/3/3 Votf(rms) = 2,309 Votf(rms) 
These compare with Vop = 3 Voff(rms) when 1/3 bias is used. 


LCD drive mode waveforms 


The static LCD drive mode is used when a single backplane is provided in the LCD. Backplane and 
segment drive waveforms for this mode are shown in Fig. 4. 


LCD segments 


[<" Trame>| 
VoD = 
BPO 


VLcD 
VpD 
Vicp — 
Vpbp — 

Sn+t . 
VLCD | | | 


(a) WAVEFORMS AT DRIVER 


Vee 
statel 0 —— At any instant (t): 
Vstate 1(t) = Vs, (t) - Vepo(t) 
“Yop — | Von(rms) = Vop 
Vig Bo 
Vstate 2(t)=Vs_ 4 (t) - VBpolt) 
state2 Qo ——_— Voff(rms) =0V 
Nese 


(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 
7291465 


Fig. 4 Static drive mode waveforms: Von = Vpp — VL cp. 
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When two backplanes are provided in the LCD the 1 : 2 multiplex drive mode applies. The PCF8576 


allows use of 1/2 or 1/3 bias in this mode as shown in Figs 5 and 6. 


BPO 


BP1 


Sn 


Snt1 


state 1 


state 2 


VDD 


(Vpp +VLcp)/2 — 


VLCD 
VDD 


(Vpp + 


VLCD 
VpD 


VLCD 
VoD 


oo 


Vico) /2 — 


——— Ttrame ae 


LCD segments 


preg Mes Be 


state 1 


| Lo 
JUL 


(a) WAVEFORMS AT DRIVER 


TEE 
e 
eer ny 


(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 


— state 2 
\ 


At any instant (t): 


Vstate 1{t) = Vs, (t) — Vepolt) 


Vop 


Vstate 2(t) = Vs, (t) — Vep4(t) 


Voff(rms) = are = 0,354Vop 


7291477 


Fig. 5 Waveforms for 1 : 2 multiplex drive mode with 1/2 bias: Von = Vpp — VLCD.- 
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LCD drive mode waveforms (continued) 


~«<—— Tframe i. 


Vpp — Von /3 —— 
BPO ee i 
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VoD —2 Vop/3 — 
VLCD 
(a) WAVEFORMS AT DRIVER 
Vop 
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LCD segments 


At any instant (t): 
Vstate 1(t) = Vs, {t) — Vppo(t) 


Vop 
Von(rms) = — v5 = 0,745Vop 


Vstate 2(t) = Vs, (t) — Vepi(t) 


Voff(rms) = 3 0,333Vop 


® 
7Z91466 


Fig. 6 Waveforms for 1 : 2 multiplex drive mode with 1/3 bias: Von = Vpp — VLCD.- 


The backplane and segment drive wavefront for the 1 : 3 multiplex drive mode (three LCD backplanes) 
and for the 1 : 4 multiplex drive mode (four LCD backplanes) are shown in Figs 7 and 8 respectively. 
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Fig. 7 Waveforms for 1 : 3 multiplex drive mode: Voy = VDD — VLCD- 
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LCD drive mode waveforms (continued) 
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Fig. 8 Waveforms for 1 : 4 multiplex drive mode: Von = Vpp — VLCD- 
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Oscillator 
Internal clock 


The internal logic and the LCD drive signals of the PCF 8576 are timed either by the built-in oscillator 
or from an external clock. When the internal oscillator is used, frequency control is performed by a 
single resistor connected between OSC (pin 6) and Vgg (pin 11) as shown in Fig. 9. In this case, the 
output from CLK (pin 4) provides the clock signal for cascaded PCF8576s in the system. 


7291467 


1000 


Ss CN BE 
PSS Te a 


OMe ee 


maaiiiiaaaii Fg, 9 Oslo rene 
10 


100 200 500 1000 2000 5000 as a function of Roge 
Ros (kK) foi Kk © (3,6 x 107/Rosce) KHz:Q. 


External clock 


The condition for external clock is made by tying OSC (pin 6) to Vpp; CLK (pin 4) then becomes the 
external clock input. 


The clock frequency (fc) determines the LCD frame frequency and the maximum rate for data 
reception from the I?C bus. To allow I?C bus transmissions at their maximum data rate of 100 kHz, 
feLK should be chosen to be above 125 kHz. 


A clock signal must always be supplied to the device; removing the clock may freeze the LCD in a d.c. 
state. 


Timing 

The timing of the PCF8576 organizes the internal data flow of the device. This includes the transfer 
of display data from the display RAM to the display segment outputs. In cascaded applications, the 
synchronization signal SYNC maintains the correct timing relationship between the PCF8576s in the 
system. The timing also generates the LCD frame frequency which it derives as an integer multiple of 
the clock frequency (Table 3). The frame frequency is set by the choice of value for Roce when 
internal clock is used, or by the frequency applied to pin 4 when external clock is used. 


Table 3 LCD frame frequencies 


PCF8576 mode recommended Rogg (k&2) nominal fframe (Hz) 


normal mode 200 foL_K/2880 64 
power-saving mode 1200 fo «K/480 64 
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Timing (continued) 


The ratio between the clock frequency and the LCD frame frequency depends on the mode in which 

the device is operating. In the normal mode, Rogc = 200 k22 will result in the nominal frame frequency. 

In the power-saving mode the reduction ratio is six times smaller; this allows the clock frequency to be 
reduced by a factor of six and for the same frame frequency Rog¢ will be 1,2 M&2. The reduced clock 
frequency and the increased value of Rogc together contribute to a significant reduction in power 
dissipation. The lower clock frequency has the disadvantage of increasing the response time when large 
amounts of display data are transmitted on the I?C bus. When a device is unable to ‘digest’ a display 

data byte before the next one arrives, it holds the SCL line LOW until the first display data byte is stored. 
This slows down the transmission rate of the I?C bus but no data loss occurs. | 


Display latch 


The display latch holds the display data while the corresponding multiplex signals are generated. There 
is a one-to-one relationship between the data in the e GlspIBy latch, the LCD segment outputs and one 
column of the display RAM. 


Shift register 


The shift register serves to transfer display information from the display RAM to the display latch while 
previous data are displayed. 


Segment outputs 


The LCD drive section includes 40 segment outputs SO to S39 (pins 17 to 56) which should be connected 
directly to the LCD. The segment output signals are generated in accordance with the multiplexed back- 
plane signals and with the data resident in the display latch. When less than 40 segment outputs are 
required the unused segment outputs should be left open. 


Backplane outputs 


The LCD drive section includes four backplane outputs BPO to BP3 which should be connected directly . 
to the LCD. The backplane output signals are generated in accordance with the selected LCD drive mode. 
If less than four backplane outputs are required the unused outputs can be left open. In the 1:3 multi- 
plex drive mode BP3 carries the same signal as BP1, therefore these two adjacent outputs can be tied 
together to give enhanced drive capabilities. In the 1: 2 multiplex drive mode BPO and BP2, BP1 and 
BP3 respectively carry the same signals and may also be paired to increase the drive capabilities. In the 
static drive mode the same signal is carried by all four backplane outputs and they can be connected | in 
parallel for very high drive requirements. 


Display RAM 


The display RAM is a static 40 x 4-bit RAM which stores LCD data. A logic 1 in the RAM bit-map 
indicates the ‘on’ state of the corresponding LCD segment; similarly, a logic 0 indicates the ‘off’ state. 
There is a one-to-one correspondence between the RAM addresses and the segment outputs, and between 
the individual bits of a RAM word and the backplane outputs. The first RAM column corresponds to the 
40 segments operated with respect to backplane BPO (Fig. 10). In multiplexed LCD applications the 
segment data of the second, third and fourth column of the display RAM are time- multiplexed with 

BP1, BP2 and BP3 respectively, 
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display RAM addresses (rows) / segment outputs (S) 


0 i 2 3 4 ee ee 35 36 37 38 39 
display RAM bits 0 
(columns) / a 
backplane outputs ' ee ei 
(BP) 2 
3 
7291468 


Fig. 10 Display RAM bit-map showing direct relationship between display RAM addresses and segment 
outputs, and between bits in a RAM word and backplane outputs. 


When display data are transmitted to the PCF8576 the display bytes received are stored in the display 
RAM according to the selected LCD drive mode. To illustrate the filling order, an example of a 7-seg- 
ment numeric display showing all drive modes is given in Fig. 11; the RAM filling organization depicted 
applies equally to other LCD types. 


With reference to Fig. 11, in the static drive mode the eight transmitted data bits are placed in bit 0 of 
eight successive display RAM addresses. In the 1 : 2 multiplex drive mode the eight transmitted data 

bits are placed in bits 0 and 1 of four successive display RAM addresses. In the 1 : 3 multiplex drive 
mode these bits are placed in bits 0, 1 and 2 of three successive addresses, with bit 2 of the third address 
left unchanged. This last bit may, if necessary, be controlled by an additional transfer to this address but 
care should be taken to avoid overriding adjacent data because full bytes are always transmitted. In the 
1:4 multiplex drive mode the eight transmitted data bits are placed in bits 0, 1, 2 and 3 of two suc- 
cessive display RAM addresses. 


Data pointer 


The addressing mechanism for the display RAM is realized using the data pointer. This allows the loading 
of an individual display data byte, or a series of display data bytes, into any location of the display 

RAM. The sequence commences with the initialization of the data pointer by the LOAD DATA POINTER 
command. Following this, an arriving data byte is stored starting at the display RAM address indicated 

by the data pointer thereby observing the filling order shown in Fig. 11. The data pointer is automati- 
cally incremented according to the LCD configuration chosen. That is, after each byte is stored, the 
contents of the data pointer are incremented by eight (static drive mode), by four (1 : 2 multiplex 

drive mode), by three (1 : 3 multiplex drive mode) or by two (1 : 4 multiplex drive mode). 


Subaddress counter 


The storage of display data is conditioned by the contents of the subaddress counter. Storage is allowed 

to take place only when the contents of the subaddress counter agree with the hardware subaddress applied 
to AO, Al and A2 (pins 7, 8, and 9). The subaddress counter value is defined by the DEVICE SELECT 
command. If the contents of the subaddress counter and the hardware subaddress do not agree then data 
storage is inhibited but the data pointer is incremented as if data storage had taken place. The subaddress 
counter is also incremented when the data pointer overflows. 
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Fig. 11 Relationships between LCD layout, drive mode, display RAM filling order 
and display data transmitted over the I?C bus (x = data bit unchanged). 
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Subaddress counter (continued) 


The storage arrangements described lead to extremely efficient data loading in cascaded applications. 
When a series of display bytes are being sent to the display RAM, automatic wrap-over to the next 
PCF85/76 occurs when the last RAM address is exceeded. Subaddressing across device boundaries is 
successful even if the change to the next device in the cascade occurs within a transmitted character 
(such as during the 14th display data byte transmitted in 1 : 3 multiplex mode). 


Output bank selector 


This selects one of the four bits per display RAM address for transfer to the display latch. The actual 
bit chosen depends on the particular LCD drive mode in operation and on the instant in the multiplex 
sequence. In 1 : 4 multiplex, all RAM addresses of bit O are the first to be selected, these are followed 
by the contents of bit 1, bit 2 and then bit 3. Similarly in 1 : 3 multiplex, bits 0, 1 and 2 are selected 
sequentially. In 1 : 2 multiplex, bits O then 1 are selected and, in the static mode, bit O is selected. 


The PCF8576 includes a RAM bank switching feature in the static and1 : 2 multiplex drive modes. In 
the static drive mode, the BANK SELECT command may request the contents of bit 2 to be selected 
for display instead of bit 0 contents. In the 1 : 2 drive mode, the contents of bits 2 and 3 may be 
selected instead of bits O and 1. This gives the provision for preparing display information in an 
alternative bank and to be able to switch to it once it is assembled. 


Input bank selector 


The input bank selector loads display data into the display RAM according to the selected LCD drive 
configuration. Display data can be loaded in bit 2 in static drive mode or in bits 2 and 3 in 1 : 2 drive 
mode by using the BANK SELECT command. The input bank selector functions independently of the 
output bank selector. 


Blinker 


The display blinking capabilities of the PCF8576 are very versatile. The whole display can be blinked 
at frequencies selected by the BLINK command. The blinking frequencies are integer multiples of the 
clock frequency; the ratios between the clock and blinking frequencies depend on the mode in which 
the device is operating, as shown in Table 4. 


An additional feature is for an arbitrary selection of LCD segments to be blinked. This applies to the 
static and 1 : 2 LCD drive modes and can be implemented without any communication overheads. By 
means of the output bank selector, the displayed RAM banks are exchanged with alternate RAM banks 
at the blinking frequency. This mode can also be specified by the BLINK command. 


In the 1: 3 and 1 : 4 multiplex modes, where no alternate RAM bank is available, groups of LCD 
segments can be blinked by selectively changing the display RAM data at fixed time intervals. 


If the entire display is to be blinked at a frequency other than the nominal blinking frequency, this can 
be effectively performed by resetting and setting the display enable bit E at the required rate using the 
MODE SET command. 
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Blinker (continued) 
Table 4 Blinking frequencies 


blinking mode normal operating power-saving nominal blinking frequency 
mode ratio mode ratio fblink (Hz) 


— — blinking off 


fcoLK/92160 feoLK/15360 2 
foLK/184320 feL«K/30720 1 
foLK/368640 foi K/61440 0,5 


CHARACTERISTICS OF THE ??C BUS 


The I?C bus is for 2-way, 2-line communication between different |Cs or modules. The two lines are 

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 


Bit transfer 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 


as control signals. 


| ' 

| data line | change 

| stable: “| of data 

| data valid | allowed 7287019 


Fig. 12 Bit transfer. 


Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 


oe : ndition 
start condition stop conditio 7287005 


Fig. 13 Definition of start and stop conditions. 
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System configuration 


A device generating a message is a “‘transmitter’’, a device receiving a message is a “‘receiver’’. The 
device that controls the message is the ‘‘master’’ and the devices which are controlled by the master 
are the ‘‘slaves’’. 


SDA 
SCL 


MASTER MASTER 
TRANSMITTER/ TRANSMITTER/ TRANSMITTER / 
RECEIVER RECEIVER RECEIVER 


7Z87004 


Fig. 14 System configuration. 


Acknowledge 


The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte is followed by one acknowledge bit. The acknowledge bit is a HIGH 
level put on the bus by the transmitter whereas the master generates an extra acknowledge related 
clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception of 
each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable 
the master to generate a stop condition. 


start clock pulse for 
condition acknowledgement 


SCL FROM 
MASTER | : pf 2% fe. 
DATA OUTPUT | 
BY TRANSMITTER | a 
DATA OUTPUT ae 
BY RECEIVER 


7287007 


Fig. 15 Acknowledgement on the I?C bus. 


Note 


The general characteristics and detailed specification of the I?C bus are described in a separate data 
sheet (serial data buses) in handbook: ICs for digital systems in radio, audio and video equipment. 
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PCF8576 I°C bus controller 


The PCF8576 acts as an I?C slave receiver. It does not initiate I?C bus transfers or transmit data to an 
IC master receiver. The only data output from the PCF8576 are the acknowledge signals of the selected 
devices. Device selection depends on the I?C bus slave address, on the transferred command data and on 
the hardware subaddress. 


In single device applications, the hardware subaddress inputs AO, A1 and A2 are normally tied to Vss 
which defines the hardware subaddress 0. In multiple device applications AO, A1 and A2 are tied to Vss 
or Vpp according to a binary coding scheme such that no two devices with a common I’C slave address 
have the same hardware subaddress. 


In the power-saving mode it is possible that the PCF8576 is not able to keep up with the highest trans- 
mission rates when large amounts of display data are transmitted. If this situation occurs, the PCF8576 
forces the SCL line LOW until its internal operations are completed. This is known as the ‘clock 
synchronization feature’ of the I?C bus and serves to slow down fast transmitters. Data loss does not 
occur. 


Input filters 


To enhance noise immunity in electrically adverse environments, RC low-pass filters are provided on 
the SDA and SCL lines. 


°C bus protocol 


Two I?C bus slave addresses (0111000 and 0111001) are reserved for PCF8576. The least-significant 
bit of the slave address that a PCF8576 will respond to is defined by the level tied at its input SAO 
(pin 10). Therefore, two types of PCF 8576 can be distinguished on the same |?C bus which allows: 


(a) up to 16 PCF8576s on the same IC bus for very large LCD applications; 
(b) the use of two types of LCD multiplex on the same I?C bus. 


The !?C bus protocol is shown in Fig. 16. The sequence is initiated with a start condition (S) from the 
[?C bus master which is followed by one of the two PCF 8576 slave addresses available. All PCF8576s 
with the corresponding SAO level acknowledge in parallel the slave address but all PCF 8576s with the 
alternative SAO level ignore the whole I?C bus transfer. After acknowledgement, one or more command 
bytes (m) follow which define the status of the addressed PCF8576s. The last command byte is tagged 
with acleared most-significant bit, the continuation bit C. The command bytes are also acknowledged 
by all addressed PCF 8576s on the bus. 


After the last command byte, a series of display data bytes (n) may follow. These display data bytes 
are stored in the display RAM at the address specified by the data pointer and the subaddress counter. 
Both data pointer and subaddress counter are automatically updated and the data are directed to the 
intended PCF8576 device. The acknowledgement after each byte is made only by the (AO, A1, A2) 
addressed PCF 8576. After the last display byte, the !1?C bus master issues a stop condition (P). 
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ae acknowledge by 
ROW (AO, A1, A2)—selected 
slave address | PCF8576 only 


acknowledge by all 
es } addressed PCF8576s oy 


COMMAND A DISPLAY DATA 


ee | 


1 byte m = 1 bytes n= 0 bytes 
update data pointer 
and, if necessary, 


7291470.1 
subaddress counter 


Fig. 16 I?C bus protocol. 


Command decoder 


The command decoder identifies command bytes that arrive on the I?C bus. All available commands 
carry a continuation bit C in their most-significant bit position (Fig. 17). When this bit is set, it indicates 
that the next byte of the transfer to arrive will also represent a command. If the bit is reset, it indicates 
the last command byte of the transfer. Further bytes will be regarded as display data. 


0 = last command 
1 = commands continue 


REST OF OPCODE 
msb Isb 
7291471 


Fig. 17 General format of command byte. 


The five commands available to the PCF8576 are defined in Table 5. 
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Command decoder (continued) 
Table 5 Definition of PCF8576 commands 


Defines LCD drive mode 


LCD drive mode bits M1 MO 


MODE SET 


[o]1 0} Lele} 8} wit /mo 


static (1 BP) 
1: 2 MUX (2 BP) 
1:3 MUX (3 BP) 
1: 4MUX (4 BP) 


Defines LCD bias configuration 


LCD bias 


1/3 bias 
1/2 bias 


Defines display status 

The possibility to disable the 
display allows implementation 
of blinking under external 
control 


display status 


disabled (blank) 
enabled 


Defines power dissipation mode 


normal mode 
power-saving mode 


Six bits of immediate data, 
bits P5 to PO, are transferred 
to the data pointer to define 
one of forty display RAM 
addresses 


LOAD DATA POINTER 


[clojPs pa pa P2 Pt Po 


DEVICE SELECT 


[ct 10 o]A2 At Ao 


bitt P5 P4 P3 P2 P1 PO 


6-bit binary value of 0 to 39 


Three bits of immediate data, 
bits AO to A2, are transferred 
to the subaddress counter to 
define one of eight hardware 
subaddresses 


bits AO Al A2 


3-bit binary value of 0 to 7 
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command/opcode options description 


BANK SELECT Defines input bank selection 


el1 111 ojo 
RAM bits 0, 1| 0 


(storage of arriving display data) 


Defines output bank selection 
(retrieval of LCD display data) 


The BANK SELECT command has 
no effect in 1:3 and 1: 4 multi- 
plex drive modes 


BLINK Defines the blinking frequency 
blink frequency | bits BF1 


(cli 11 0jA/Br1 Bro! 


blink mode i Selects the blinking mode; 
normal operation with frequency 

normal blinking set by bits BF 1, BFO, or 

alternation blinking blinking by alternation of 
display RAM banks. Alternation 
blinking does not apply in 1:3 
and 1 : 4 multiplex drive modes 


Display controller 


The display controller executes the commands identified by the command decoder. It contains the 
status registers of the PCF8576 and coordinates their effects. The controller is also responsible for loading 
display data into the display RAM as required by the filling order. 
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Cascaded operation 


In large display configurations, up to 16 PCF8576s can be distinguished on the same I?C bus by using 
the 3-bit hardware subaddress (AO, A1, A2) and the programmable I?C slave address (SAQ). It is also 
possible to cascade up to 16 PCF8576s. When cascaded, several PCF8576s are synchronized so that they 
can share the backplane signals from one of the devices in the cascade. Such an arrangement is cost- 
effective in large LCD applications since the backplane outputs of only one device need to be through- 
plated to the backplane electrodes of the display. The other PCF 8576s of the cascade contribute 
additional segment outputs but their backplane outputs are left open (Fig. 18). 


The SYNC line is provided to maintain the correct synchronization between all cascaded PCF8576s. 
This synchronization is guaranteed after the power-on reset. The only time that SYNC is likely to be 
needed is if synchronization is accidently lost (e.g. by noise in adverse electrical environments; or by 
the definition of a multiplex mode when PCF8576s with differing SAO levels are cascaded). SYNC is 
organized as an input/output pin; the output section being realized as an open-drain driver with an 
internal pull-up resistor. A PCF8576 asserts the SYNC line at the onset of its last active backplane 
signal and monitors the SYNC line at all other times. Should synchronization in the cascade be lost, it 
will be restored by the first PCF8576 to assert SYNC. The timing relationships between the backplane 
waveforms and the SYNC signal for the various drive modes of the PCF8576 are shown in Fig. 19. 


LCD PANEL 
y (up to 2560 
LCD elements) 
5 ; 
1 


40 segment drives 


17-56 


PCF8576 


BPO — BP3 (open) 


17-56 


HOST 
MICRO- 
PROCESSOR 


PCF 8576 


40 segment drives | 


4 backplanes 


i AO |A1 {A2 ae Vsg 
Vgs 7291480.1 


Fig. 18 Cascaded PCF8576 configuration. 
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BPO 


SYNC 


BP1 


(5 bias) 


BP1 


(Vy bias) 


SYNC 


BP2 


SYNC 


BP3 


SYNC 


OS Tframe 


| 


Let LL 


LS saneomve nce «=O 


(a) STATIC DRIVE MODE 


_tW—_I 
fs! 


(b) 1:2 MULTIPLEX DRIVE MODE 


| nn | eee 


(c) 1:3 MULTIPLEX DRIVE MODE 


i d) 1:4 MULTIPLEX DRIVE MODE I 


7291481 
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Fig. 19 Synchronization of the cascade for the various PCF 8576 drive modes. 


For single plane wiring of packaged PCF8576s and chip-on-glass cascading, see application information. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage range Vpp —0,5to+11V 
LCD supply voltage range VLCD Vpp—11 to Vpp V 
Input voltage range (SC L; SDA; 

AO to A2; OSC; CLK; SYNC; SAQ) V| Vss -0,5 to Vpp + 0,5 V 
Output voltage range (SO to S39; | 

BPO to BP3) Vo Vicp--0,5 to Vpp + 0,5 V 
D.C. input current + |) max. 20 mA 
D.C. output current +lo max. 25 mA 
Vpp. Vss or VLcp current +Ipp, + Iss, + ILep max. 50 mA 
Power dissipation per package Prot max. 400 mW 
Power dissipation per output Po max. 100 mW 
Storage temperature range Tstg —65 to + 150 °C 


D.C. CHARACTERISTICS 
Vss = OV; Vpp = 2 to9 V; Vicp = Vpp—2 to Vpp—9 V; 
Tamb = —40 to + 85 °C; unless otherwise specified 


[an 1c ae dae 


Operating supply voltage 
LCD supply voltage (note 1) 


Operating supply current 
at fo. K = 200 kHz (note 2) 


Power-saving mode supply current 
at Vpp = 3,5 V; Vicp = OV: 
foLK = 35 kHz (note 2) 


LCD supply current 
at fo K = 200 kHz (note 2) 


Logic 

Input voltage LOW 

Input voltage HIGH 

Output voltage LOW at |g =O mA 

Output voltage HIGH at |g =O mA 

Output current LOW (CLK, SYNC) at 
VoL=10V;Vpp=5V 

Output current HIGH (CLK) at 
VoH =4,0V; Vpp=5V 

Output current LOW (SDA; SCL) at 
VoL =0,4V; Vpp=5V 


Leakage current (SAO; AO to A2; CLK; 
SCL; SDA) at Vj = Vss or Vpp 
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Leakage current (OSC) 
at Vi=Vpp 


Pull-up resistor (SYNC) 
Power-on reset level (note 3) 


Tolerable spike width on bus 


Input capacitance (note 4) 


LCD outputs 


D.C. voltage component (BPO to BP3) 
at Cap = 35 nF 

D.C. voltage component (SO to S39) 
at Co = 5 nF 

Output impedance (BPO to BP3) 
at Vi cp = Vpp—5 V (note 5) 


Output impedance (SO to S39) 
at Vi cD = Vpp—5 V (note 5) 


A.C. CHARACTERISTICS (note 6) 
Vss = 0V; Vpp = 2 to 9V; VLcp = Vpp-2 to Vpp—9 V: 
Tamb = —40 to + 85 °C; unless otherwise specified 


[owner ami [om [ve [om fo 


Oscillator frequency (normal mode) 
at Vpp = 5 V; Rose = 200 k&X2 
(note 7) fCLK 

Oscillator frequency (power-saving 
mode) at Vpp = 3,5 V; Rosc = 1,2 MQ fCLKLP 


CLK HIGH time tCLKH 
CLK LOW time TCLKL 
SYNC propagation delay tPSYNC 
SYNC LOW time tSYNCL 
Driver delays with test loads at 

VicD = Vpp—5 V tPLCD 
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A.C. CHARACTERISTICS (continued) 


Toewme ome [om [on rm [om 


PC bus high-speed mode 
Bus free time 

Start condition hold time 
SCL LOW time 

SCL HIGH time 


Start condition set-up time 
(repeated start code only) 


Data hold time 

Data set-up time 

Rise time 

Fall time 

Stop condition set-up time 


°C bus low-speed mode 
Bus free time 

Start condition hold time 
SCL LOW time 

SCL HIGH time 


Start condition set-up time 
(repeated start code only) 


Data hold time 

Data set-up time 

Rise time 

Fall time 

Stop condition set-up time 


Notes to characteristics 
1. VLep < Vpp—8 V for 1/3 bias. 


. Resets all logic when Vpp < VR_F. 


. Outputs measured one at a time. 


. Periodically sampled, not 100% tested. 


tBUF 
tHD; STA 
tLow 
tHIGH 


tSU; STA 

tHD; DAT 
tSU; DAT 
tR 

tF 

tsU; STO 


"BUF 
‘HD; STA 
‘LOW 
THIGH 


tSU; STA 
tHD; DAT 
tsU; DAT 
tR 
tf 


. Outputs open; inputs at Vss or Vpp; external clock with 50% duty cycle; I?C bus inactive. 


Product Specification 


. All timing values referred to Vj} and Vj, levels with an input voltage swing of Vss to Vpp. 


NO Of BP W DN 


At foLk < 125 kHz, I?C bus maximum transmission speed is derated. 
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CLK SO KS 0.7Vpp spa,scL 12 K2 Vop 
(pin 4) (2%) (pins 1, 2) (2%) 
SYNC 3,6kKQ , 
(pins) (2%) a 
BPO to BP3 SO to $39 
(pins 13 to 16) = (pins 17 to 56) a 
P — load = 25 pA p — > load ~ 15 uA 
7Z91472.1 
Fig. 20 Test loads. 
1 
ae eaant 
foLK 
=a — tcLkH —— | x_-_-——— 'CLKL ——— 
0,7 Vpp 
CLK 
0,3 Vpp 
0,7 Vpp 
SYNC 0,3Vpp 
tPSYNC 
<«——— tsyncL ———> 
0,5V 
BPO to BP3 
SO to S39 (Vpp =5V) 
0,5V 
<— tpLcD —> 7Z91473.1 


Fig. 21 Driver timing waveforms. 
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‘BUF —> 


SCL 
— >! tHD;sTA l<— = —! tHiGH 
tr —> <— — <_— 
THD; DAT 'SU;DAT 
SDA 
7Z87013.1 ee — —r eights 
"SU;STA tsu;STO 


Fig. 22 1?C bus high-speed mode timing waveforms. 


o, 


me BUR 


SCL 
— >i typ:sTA <— >| je—_—_——— tH i1Gu ———————| | — ~<«— tsu -DAT 
tR — Wega 
tHD:DAT 
SDA 
7Z87015.1 —| tsu:stTa <— erie a. 


Fig. 23 I?C bus low-speed mode timing waveforms. 
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28 


$12 $13 --- $39 $40 --- $50 $51 S52 $53 ---S79 


BACKPLANES SEGMENTS 7Z91482.1 
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Fig. 24 Single plane wiring of packaged PCF85/76s. 
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APPLICATION INFORMATION (continued) 
Chip-on-glass cascadability in single plane 


In chip-on-glass technology, where driver devices are bonded directly onto the glass of the LCD, it is 
important that the devices may be cascaded without the crossing of conductors, but the paths of 
conductors can be continued on the glass under the chip. All of this is facilitated by the PCF8576 
bonding pad layout (Fig. 25). Pads needing bus interconnection between all PCF 8576s of the cascade 
are Vpp, Vss, CLK, SCL, SDA and SYNC. These lines may be led to the corresponding pads of the 
next PCF8576 through the wide opening between the V;_cp pad and the backplane output pads. 
The only bussed line that does not require a second opening to lead through to the next PCF8576 is 
Vicp. being the cascade centre. The placing of V|_cp adjacent to Vss allows the two supplies to be 
tied together. 


$33 S31 $29 $27 S25 $23 $21 s19 
sat] OD OOOOOOO OOOOOOO O Osv 
S32. $30 $28 S26 S24 $22 §20 S18 
s35(] []s16 
s36L] [J s15 
$37] C)s14 
$38 [] [Js13 
s39 (J []s12 
soa] PCF8576 Cyst 
sc. CL] []s10 
SYNCL] []s9 
cK] Cjss 
VooQ Cls7 
osc [[] [jse 
A0[] cascade []ss 
eae, cave BP2 BP3__—S1___ $3 
10000 Ove OOOO0O8O0 Ds 
A2 Vss BPO BP 1 So $2 
7Z91474.1 


Fig. 25 PCF8576 bonding pad layout. 


Fig. 26 shows the connection diagram for a cascaded PCF8576 application with single plane wiring. 
Note the use of the open space between the V| cp pad and the backplane output pads to route Vpp, 
Vss, CLK, SCL, SDA and SYNC. The external connections may be made to either end of the cascade, 
wherever most convenient for the connector. 


When an external clocking source is to be used, OSC of all devices should be tied to Vpp. The pads 
OSC, AO, A1, A2 and SAO have been placed between Vgg and Vpp to facilitate wiring of oscillator, 
hardware subaddress and slave address. 
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Fig. 26 Chip-on-glass application; cascaded PCF 8576s with single-plane wiring (viewed from back of chip). 
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Purchase of Philips’ I?C components conveys a license under the 
Philips’ I2C patent to use the components in the I?C-system provided 
the system conforms to the I?C specifications defined by Philips. 


Videlec is a joint venture of BBC Brown Boveri and Philips 
specializing in liquid crystal display technology to meet 
the requirements of original equipment manufacturers. 


Videlec AG 
Hardstrasse 5 
Lenzburg CH5600 
Switzerland. 
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GENERAL DESCRIPTION 


The PCF8577 is a single chip, silicon gate CMOS circuit. It is designed to drive liquid crystal displays 
with up to 32 segments directly, or 64 segments in a duplex manner. 


The two-line |2C bus interface substantially reduces wiring overheads in remote display applications. 
Bus traffic is minimized in multiple IC applications by automatic address incrementing, hardware sub- 
addressing and display memory switching (direct drive mode). 


Features 


Direct/duplex drive modes with up to 32/64 LCD-segment drive capability per device 
Operating supply voltage: 2,5 to 9 V 

Low power consumption 

17C bus interface — 

Optimized pinning for single plane wiring 

Single-pin built-in oscillator 

Auto-incremented loading across device sub-address boundaries 
Display memory switching in direct drive mode 

May be used for |? C bus output expander 

System expansion up to 256 segments 

Power-on-reset sets all segments off (to blank) 


PCF8577 
S32 
SEGMENT BYTE 
‘pie Qehus mise niet BACKPLANE 
FILTERS CONTROLLER AND oe 
MULTIPLEX GMENT 
DRIVERS ai 
BP1 
A2/BP2 
Al 
AO/OSC 


PACKAGE OUTLINES 


CONTROL REGISTER 
AND 
COMPARATOR 


Fig. 1 Block diagram. 


PCF8577P: 40-lead DIL; plastic (SOT-129). 
PCF8577T: 40-lead mini-pack; plastic (VSO-40; SOT-158A). 
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| Ao/Osc 
Al 
Vpp 
A2/BP2 
BP1 


$1 


PCF8577 


| 7287557 
_ Fig. 2 Pinning diagram. 
FUNCTIONAL DESCRIPTION 
Hardware sub-address AO, A1, A2 


PINNING 
Supply 
35 VDD 


«38 Vss 


I2C bus 


40 SDA 
39 SCL 


Inputs 


36 = Al 
37 A0/OSC 


Outputs 
1 — 32 S1—S32 


Input — Output 
34 A2/BP2 


33 BP1 
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positive supply 
negative supply 


12C bus data line 
12C bus clock line 


hardware address line 
hardware address line/oscillator pin 


segment outputs | 


harware address line/cascade sync 
input/backplane output 
cascade sync input/backplane output 


The hardware sub-address lines AO, A1, A2 are used to program the device sub-address for each PCF8577 
on the bus. Lines AO and A2 are shared with OSC and BP2 respectively to reduce pin-out requirements. 


A0/OSC_ Line AO is defined as LOW (logic 0) when this pin is used for the local oscillator or when 
connected to Vss. Line AO is defined as HIGH (logic 1) when connected to Vpp. 


Al Line A1 must be defined as LOW (logic 0) or as HIGH (logic 1) by connection to Vss or Vpp 


respectively. 


A2/BP2 In the direct drive mode the second backplane signal BP2 is not used and the A2/BP2 pin is 
exclusively the A2 input. Line A2 is defined as LOW (logic 0) when connected to Vssg or, 
if this is not possible, by leaving it unconnected (internal pull-down). Line A2 is defined as 
HIGH (logic 1) when connected to Vpp. 


In the duplex drive mode the second backplane signal BP2 is required and the A2 signal is 
undefined. In this mode device selection is made exclusively from lines AO and A1. 
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Oscillator A0/OSC 

The PCF8577 has a single-pin built-in oscillator which provides the modulation for the LCD segment 
driver outputs. One external resistor and one external capacitor are connected to the AO/OSC pin to 
form the oscillator. In an expanded system containing more than one PCF8577 the backplane signals 
are usually common to all devices and only one oscillator is needed. The devices which are not used for 
the oscillator are put into the expansion mode by connecting the AO/OSC pin to either Vpp or Vss 
depending on the required state for AO. In the expansion mode each PCF8577 is synchronized from the 
backplane signal(s). 


User-accessible registers 


There are nine user-accesible 1-byte registers. The first is a control register which is used to control the 
loading of data into the segment byte registers and to select display options. The other eight are segment 
byte registers, split into two banks of storage, which store the segment data. The set of even numbered 
segment byte registers is called BANK A. Odd numbered segment byte registers are called BANK B. 


All PCF8577 have the same slave address (see Fig. 14). All devices load the second byte into the 
control register and each device maintains an identical copy of the control byte in the control register 
at all times (see 17 C bus protocol Fig. 15). 


The control register is shown in more detail in Fig. 3. The least-significant bits select which device and 
which segment byte register are loaded next. This part of the register is therefore called the Segment 
Byte Vector (SBV). 


The upper three bits of the SBV (V5 to V3) are compared with the hardware sub-address input signals 
A2, A1 and AO. If they are the same then the device is enabled for loading, if not the device ignores 
incoming data but remains active. 


The three least-significant bits of the SBV (V2 to VO) address one of the segment byte registers within 
the enabled chip for loading segment data. 


Fain ia ca aes [ SEGMENT BYTE cece 
DISPLAY 


CONTROL SEGMENT BYTE VECTOR (SBV) 
aS 


msb Isb msb Isb 


segment byte 
u——~——~ 
a) (1) BANK ‘A’ 


comparison 


BANK ‘B’ 


ca DIRECT DRIVE 
DUPLEX DRIVE 


Fig. 3 PCF8577 register organization. 
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FUNCTIONAL DESCRIPTION (continued) 


The control register also has two display control bits. These bits are named MODE and BANK. The 
MODE bit selects whether the display outputs are configured for direct or duplex drive displays. 
The BANK bit allows the user to display BANK A or BANK B. 


Auto-incremented loading 


After each segment byte is loaded the SBV is incremented automatically, thus auto-incremented | 
loading occurs if more than one segment byte is received in a data transfer. 


Since the SBV addresses both device and segment registers, auto-incremented loading may proceed 
across device boundaries provided that the hardware sub-addresses are arranged contiguously. 


Direct drive mode 


The PCF8577 is set to the direct drive mode by loading the MODE control bit with logic 0. In this 
mode only four bytes are needed to store the data for the 32 segment drivers. Setting the BANK bit to 
logic 0 selects even bytes (BANK A); setting the BANK bit to logic 1 selects odd bytes (BANK B). 


In the direct drive mode the SBV is auto-incremented by two after the loading of each segment byte 
register. This means that auto-incremented loading of BANK A or BANK B is possible. Either bank may 
be completely or partially loaded irrespective of which bank is being displayed. Direct drive output 
waveforms are shown in Fig. 4. 


Segment X 
(SX) 


2(Vpp — Vss) 


VON = Vpp — Vss 
<_ VorF = 0 


Ficb 7287559.1 


Fig. 4 Direct drive mode display output waveforms. 


Duplex mode 


The PCF8577 is set to the duplex mode by loading the MODE bit with logic 1. In this mode a second 
backplane signal (BP2) is needed and pin A2/BP2 is used for this; therefore A2 and its equivalent SBV 
bit V5 are undefined. The SBV auto-increments by one between loaded bytes. 


All of the segment bytes are needed to store data for the 32 segment drivers and the BANK bit is 
ignored. 


Duplex mode output waveforms are shown in Fig. 5. 
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OFF /OFF ON/OFF OFF/ON ON/ON 
Vop ———__-—_-——_ 
asics ou BP 1 


Vop 
0,5 (Vpop - Vss) oe 


Vss 


‘lg 9? sale 9 ae 


erie 
anale 


ficp 7Z87560.1 


Vop 


Vss 


2 (Vpp — Vss) 


a je ols 


VON = 9,79 (Vpp — Vss) 
VoFF = 0,35 (Vpp — Vss) 


Fig. 5 Duplex mode display output waveforms. 
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CHARACTERISTICS OF THE I2C BUS 


The 12C bus is for 2-way, 2-line communication between different ICs or modules. The two lines are 
a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 


Bit transfer 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable | 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 


| : 

| data line | change 

| stable : | of data 

| data valid | allowed 7Z87019 © 


Fig. 6 Bit transfer. 


Start and stop conditions 
Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to- LOW transition of the 


data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 


bic | ee eee | 
start condition stop condition 


Fig. 7 Definition of start and stop conditions. 


7287005 


System configuration 


A device generating a message is a ‘‘transmitter’’, a device receiving a message is the ‘‘receiver’’. The 
device that controls the message is the ‘’master’’ and the devices which are controlled by the master 
are the “‘slaves’’. 


SDA 
SCL 


MASTER MASTER 
SLAV TER 
TRANSMITTER / oe TRANSMITTER / oe ae TRANSMITTER / 
RECEIVER RECEIVER RECEIVER 


7287004 


Fig. 8 System configuration. 
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Acknowledge 


The number of data bytes transferred between the start and stop conditions from transmitter to 

receiver is not limited. Each byte is followed by one acknowledge bit. The acknowledge 

bit isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 

has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to.enable 


the master to generate a stop condition. 


start clock pulse for 
condition acknowledgement 


SCL FROM | 
DATA OUTPUT a 
BY TRANSMITTER : 
DATA OUTPUT ae 
BY RECEIVER 


7287007 
Fig. 9 Acknowledgement on the I?C bus. 


Timing specifications 
Within the I?C bus specifications a high-speed mode and a low-speed mode are defined. The PCF8577 
operates in both modes and the timing requirements are as follows: 


High-speed mode 
Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in 
Fig. 10. 
* i | 
= "BURA oe 
SCL 
—>! tHD;sTA |< —! tHIGH 
—' tlow *— — —_— —_ <—<_— 
THD ;DAT tsu;DAT 


SDA 


7287013 tsu-STA tsu;:STo 


Fig. 10 Timing of the high-speed mode. 
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CHARACTERISTICS OF THE |?B BUS (continued) 


Where: 

tBUF t2tLOWmin . The minimum time the bus must be free before a new 
transmission can start 

tHD: STA t 2 tyiGHmin Start condition hold time 

tLoWmin 4,7 ys Clock LOW period 

tHiGHmin 4 us Clock HIGH period 

tSU: STA t= tLOWmin Start condition set-up time, only valid for repeated start code 

tHD: DAT t2Ous Data hold time 

tSU: DAT t 2 250 ns Data set-up time 

tr t<1 us Rise time of both the SDA and SCL line 

te t < 300 ns Fall time of both the SDA and SCL line 

tsu: STO t 2 tLOWmin Stop condition set-up time 

Note 


All the timing values referred to Vj} and Vj_,_ levels with a voltage swing of Vos to Vpp. 


i LAL. AK UL. PS 


START ADDRESS R/W ACK DATA ACK START ADDRESS R/W ACK _ STOP 
CONDITION CONDITION 7287014 


Fig. 11 Complete data transfer in the high-speed mode. 


Where: | 
Clock thoWmin 47 us 
tHIGHmin | 4 us 
The dashed line is the acknowledgement of the receiver 
Mark-to-space ratio 1: 1 (LOW-to-HIGH) 
Max. number of bytes unrestricted 
Premature termination of transfer allowed by generation of STOP condition 
Acknowledge clock bit must be provided by the master 
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Low-speed mode 

Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 ys 
and a minimum HIGH period of 365 us. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed 
timing is shown in Fig. 12. 


a 


<— ‘BUF — 


SCL 
=| THD:STA | SS Gh a ee sie te AT 
— >! tlow <— — | |x— 
SDA 
7Z87015 RCSL I sigma 
Fig. 12 Timing of the low-speed mode. 

Where: 
tBUF t 2 105 ws (tLOWmin! 
tHD; STA t 2 365 us (tH|GHmin! 
tLow 130 us + 25 us 
tHIGH 390 us + 25 us 
tSU; STA 130 us + 25 us* 
tHD; DAT t2Ous 
tsU: DAT t 2 250 ns 
tr t<1 us 
tr t < 300 ns 
tsu: STO 130 ws + 25 us 
Note 


All the timing values referred to Vip and Vj__ levels with a voltage swing of Vss to Vpp, for definitions 
see high-speed mode. 


* Only valid for repeated start code. 
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CHARACTERISTICS OF THE I?C BUS (continued) 


rr re 


Nernl —— Leeeeremrerertnnenttneenrenepanttneninnesinenenenannntanennnnnnnntnneenttinnnnsirnmnrveennncrn) beeereenenenremnnstnel | a | 5 eee a | 


START START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE = STOP 
CONDITION ACKNOWLEDGE START CONDITION 
CONDITION 7Z87016 


Fig. 13 Complete data transfer in the low-speed mode. 


Where: 
Clock th OWmin 130 us + 25 us 
tuiGHmin 390 us + 25 us 
Mark-to-space ratio 1:3 (LOW-to-HIGH) 
Start byte 0000 0001 
Maximum number of bytes 6 
Premature termination of transfer not allowed 
Acknowledge clock bit must be provided by master 
Note 


The general characteristics and detailed specification of the 1?C bus are described in a separate data 
sheet (serial data buses) in handbook: ICs for digital systems in radio, audio and video equipment. 


ADDRESSING 


Before any data is transmitted on the |? C bus, the device which should respond is addressed first. The 
addressing is always done with the first byte transmitted after the start procedure. 


Slave address 
The slave address for PCF85/77 is shown in Fig. 14. 


fsjor1 101 ola 


L SLAVE ADDRESS | 
7Z87561.1 


Fig. 14 PCF8577 slave address. 
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12C bus protocol 


The PCF8577 |*C bus protocol is shown in Fig. 15. 


acknowledge by acknowledge by acknowledge by 
all eit ee selected PCF 8577 only 


x 
SEGMENT 
SLAVE ADDRESS = SEGMENT DATA 


as L—____ control byte —__!  L——-- n bytes —_—____J 


auto increment 
7287553.1 segment byte vector 


Fig. 15 I*C bus protocol. 


The PCF8577 is a slave receiver and has a fixed slave address (Fig. 14). All PCF 8577 on the same bus 
acknowledge the slave address in parallel. The second byte is always the control byte and is loaded into 
the control register of each PCF8577 on the bus. Subsequent data bytes are loaded into the segment 
registers of the selected device. Any number of data bytes may be loaded in one transfer and in an 
expanded system rollover of the SBV from 111 111 to 000 000 is allowed. If a stop (P) condition is 
given after the control byte acknowledge the segment data remains unchanged. This allows the BANK 
bit to be toggled without changing the segment register contents. During loading of segment data only 
the selected PCF8577 gives an acknowledge. Loading is terminated by generating a stop (P) condition. 


DISPLAY MEMORY MAPPING 


The mapping between the eight segment registers and the segment outputs S1 to S32 is shown in 
Tables 1 and 2. 


Since only one register bit per segment is needed in the direct drive mode, the BANK bit allows 
swapping of display information. If BANK is set to logic O even bytes (BANK A) are displayed; if 
BANK is set to logic 1 odd bytes (BANK B) are displayed. BP1 is always used for the backplane output 
in the direct drive mode. 


Table 1 Segment byte — segment driver mapping in the direct drive mode 


Mapping example: bit 0 of register 7 controls the LCD segment S25 if BANK bit is a logic 1. 
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DISPLAY MEMORY MAPPING (continued) 


Even bytes (BANK A) correspond to backplane 1 (BP1) and odd bytes (BANK B) correspond to back- 
plane 2 (BP2). 


Table 2 Segment byte — segment driver mapping in the duplex mode 


SEGMENT 4 MSB 
7 


Serscice 
pax fo fo 
Pat [ota 
pa [fo [a 
eneniecs 
Pat [so 
Pat tat 
ee 


X = don’t care. 
Mapping example: bit 7 of register 5 controls the LCD 


segment S24/BP2. 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage range Vpp —0,5 to 11 V 
Voltage on any pin Vi Vss — 0,8 to Vpp + 0,8 V 
D.C. input current +1 max. 20 mA 
D.C. output current +lo max. 25 mA 
Vpp or Vss current tlpp, Iss max. 50 mA 
Power dissipation per package Prot max. 500* mW 
Power dissipation per output | P : max. 100 mW 
Operating ambient temperature range Tamb —40 to +85 OC 
Storage temperature range Tstg —65 to +150 oC 


* Derate 7,7 mW/K when Tampb > 60 °C. © 
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CHARACTERISTICS 
Vpp = 2,5 to 9 V; Vssg = 0 V; Tamb = —40 to + 85 OC unless otherwise specified 


Supply voltage 


Supply current at fgc_ = 100kHz, no load, Rosc= 1 M&X2 toe 


Power-on-reset level * VREF 

Input SCL; input/output SDA 
input voltage LOW VIL 
input voltage HIGH VIH 
output current LOW at Vo; =0,4 V lOL 
output leakage current HIGH at Voy = Vpp lOH 
tolerable spike width on bus toy 
input capacitance at Vj = Vss C, 


A1 input leakage current at Vj} = Vss or Vpp I 
A2/BP2 input current at Vj} = Vpp ly 
AO/OSC input current at Vj = Vss or Vpp + |y 
DC component of LCD driver *+Vepp 


Segment loads 


Segment output current 


at VoL =0,4V; Vpp=5V lOL 
Segment output current 
at VoH = Vpp — 0.4 V; Vpp =5 V —IOH 


Backplane load (direct drive) 


Backplane loads (duplex drive) 


Rise and fall times (Vpp — Vsx) 
at maximum load tr, tf 


Display frequency 
at Cosc = 680 pF; Rosc = 1 MQ 


* The power-on-reset circuit resets the |?C bus logic with Vpp < VREF. 
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APPLICATION INFORMATION 


DIRECT DRIVE LCD DISPLAY backplane }— 


33 256 


32 


$2 


fen 


EEE: 


FIFIRIELE 
© 
YN 
io) 


OAHOUWOINY JO} JOALG GO] juowbBes VOICE 


i?) 
- 


7) 
Oo 
> 


device sub-address 
A2.A1.A0= 111 


Sor 7Z87554.1 


device sub-address 
A2.A1.A0= 001 


device sub-address 
A2.A1.A0 = 000 


(1) The series resistance of the display backplane must be greater than 1 kQ2. 


Fig. 16 Direct drive display; expansion to 256 segments using eight PCF8577. 


L(G840d 
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DUPLEX LCD DISPLAY 


33 


32 


device sub-address 
A1.A0 = 00 


device sub-address 
A1.AQ= 11 


aera 7Z87555.1 


(1) The series resistances of the display backplanes must be greater than 1 kQQ. 


Fig. 17 Duplex display; expansion to 2 x 128 segments using four PCF8577. 
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APPLICATION INFORMATION (continued) 


32 output fines 


$2 


$1 


< 
n 
n 
o 
n 


device sub— address 
A2, A1, AO = 000 


7287562 \ expansion 


Notes 


1. MODE bit must always be set to 0 (direct drive) 

2. BANK switching is permitted 

3. BP1 must always be connected to Vss and AO/OSC must be 
‘connected to either Vpp or Vss (no LCD modulation) 


Fig. 18 Use of PCF8577 as 32-bit output expander in |?C bus application. 
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Q,; Q9 A3 Qq As Ag Az 1 at oa er 


16 OUTPUT STAGES 


i SAA1060 


DUP LOEX DATA DLEN- CLB 7278907.1 


Features _ Fig. 1 Block diagram. 


Driving 7, 14, 16-segment displays. 

Driving linear displays, bar graph displays for analogue functions. 

Serial to parallel decoder. 

Bus control for the selection of 18-bit words. 

2 x 16-bit latch. 

Duplex operation for two modes of output: static (16 bit) or dynamic (2 x 16 bit). 
Data transfer control. 

2 outputs for higher output current (80 mA). 


QUICK REFERENCE DATA 


Supply voltage range Vcc 4to6 V- 
Operating ambient temperature range Tamb —20to+80 °C 
Maximum input frequency f _ typ. 50 kHz 
Supply current Icc typ. 60 mA 
Output current lo < 40 mA 
Output current (Qg and 014g only) lo < 80 mA 
PACKAGE OUTLINE 


24-lead DIL; plastic (SOT-101A). 
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GENERAL DESCRIPTION 


The integrated circuit SAA 1060 is primarily designed to drive the display unit of a digital tuning 
system. It can also be used as a 16-bit serial to parallel decoder. Since the device has no decoder (this 
is handled by a microcomputer), it has many applications: 

®@ driving 7-segment displays | 

driving 14-segment displays 

driving linear displays, e.g. pointer, bar graph 

static output of switch-functions 

digital to analogue converter, with external R-2R network 

® extension of the number of outputs for microprocessors or microcomputers. 


Data transmission is initiated by means of a burst of clock pulses (CLB), a data line enable signal 
(DLEN) and the data signal (DATA). The bus control circuit distinguishes between interference and 
valid data by checking word length (17 bits) and the leading zero. This allows different bus infor- 
mation to be supplied on the same bus lines for other circuits (e.g. SAA1056 with 16 bits). 


The last bit (bit 17) of the data word contains the information which of the two internal latches will 
be loaded. The input LOEX determines if the latched data of selected latches is presented directly to 
the outputs, or synchronized with the data select signal DUP. 


The output stages are n-p-n transistors with open collectors. The current capability is designed for the 
requirements of duplex operation. Two of the outputs (Og and Q46) are arranged for double current, 
so that 2 x 2 segments can be connected in parallel. 


OPERATION DESCRIPTION 
Data inputs (DLEN, DATA) 


The SAA1060 processes serially the 18-bit data words synchronized with the clock burst (CLB) and 
applied to the data input DATA. A command will be accepted only when the data line enable input 
(DLEN) is HIGH (see Fig. 3). 


16th bit 1st bit 
load 
bit Oi5 a1, 013 a1 ay, O19 Og Qs a, ag a3 a, a, 
7278909 leading sped 


Fig. 2 Organization of a data word. 


Condition for 17th bit: 
O = load data latch B 
1 = load data latch A 


The loading of the accepted information in one of the data latches is done by the 19th clock pulse, 
when DLEN is LOW. 
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load pulse 


H 
DLEN 
L 


data word ———-_________» 


pata" 77777jstart-vit[ oni | |]. [orto Don Le 


7278908 
—>! |I-- test leading zero 


Fig. 3 Pulse diagram of the 16-bit data transmission. 


Each data word must start with a leading zero. The SAA1060 checks the data word for the correct 
length (18 bits) and also for the leading zero. 

The actual data is switched directly to the appropriate outputs. For switching on a segment, a ‘0’ (LOW) 
is necessary at the appropriate data bit. 


Data selection input (DUP) 
The logic states at input DUP determine which of the two latch contents can be found on the output. 


0 = latch A contents 
1 = latch B contents 


Load control input (LOEX) 
Input LOEX determines the operation mode in which the device is able to work. 


O = duplex mode, i.e. output synchronized with the duplex signal 
1 = d.c. mode, i.e. output direct from the by DUP selected data latch. 


When operating in duplex mode at 50 Hz, the time between two data words to be transmitted must 
be > 21 ms. 
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SAA1060 


7278906 
Fig. 4 Pinning diagram. 


RATINGS (Ver = 0) 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage range Vcc —O0,3to+7 V 
Total power dissipation Prot =- Max. 900 mW 
Operating ambient temperature range Tamb —20to +80 °C 
Storage temperature range Tstg —25to+125 °C 
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CHARACTERISTICS 
Vege = 0; Tamb = 25 OC; unless otherwise specified 


Supply voltage 
Supply current 
Inputs DATA, CLB, 
DLEN, LOEX 
input voltage HIGH 
input voltage LOW 
input current LOW 
maximum input frequency 
Input DUP 
input voltage HIGH 
input voltage LOW 
input current HIGH 
maximum input frequency 
Outputs Q4 to Q7, 
Qg to O45 
output voltage HIGH 
output voltage LOW 
output current LOW 
duplex mode 


d.c. mode 


Outputs Qg and 016 
output voltage HIGH 
output voltage LOW 
output current LOW 

duplex mode 


d.c. mode 
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loH = 0 
lop =40mA 


peak value at 
sinusoidal voltage 


peak value at 
sinusoidal voltage 
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The SAA1061 is a MOS N-channel output port expander circuit, which converts serial input data 
into parallel output information. The IC is used in combination with a microcomputer. 


Features 


® Bus control for the selection of 18-bit words. 

@ 16-bit latch and low-ohmic driver outputs. 

@ Pin compatible with the SAA1060, except the SAA1061 has no duplex mode. 

@ Address selection inputs; up to four SAA1061 circuits can be operated from a common CBUS. 


QUICK REFERENCE DATA 


Supply voltage Vpp typ. 5 V 

Operating ambient temperature range Tamb —20 to +80 °C 
Supply current IpDp typ. 9 mA 
Output current per output lo typ. 15 mA 


0, 92 03 04 95 % 97 Og Og 9 914 942 973 914 15 O16 


PY PPP PRP REP Pei Ph 


16 OUTPUT STAGE 


| 16-BIT LATCH | 


- CBUS RECEIVER 
& INPUT FORMAT CHECK. SAA1061 


fo ts te tt 


CLB DLEN DATA 
V V 
DD SS CBUS address inputs 
Fig. 1 Block diagram. 


7284675 


HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS Devices’). 


PACKAGE OUTLINE 
24-lead DIL; plastic (SOT-101A). 
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PINNING 
6 VppD positive supply (+5 V) 
15,19 Vss ground (0 V) 
Inputs 
8 DATA — data word | 
9 CLB clock burst CBUS 
5 DLEN _ data line enable 
7 Ao address bit SO 
4 AY address bit S1 
Outputs 
A1061 fe se 
a 17 O5 
21 03 
24 O4 
23 O5 
20 Og 
a driver outputs O; to 071g 
18 ne - corresponding with the data 
9 bits 1 to 16 of the data word 
22 O10 
2 011 
10 O12 | 
12 043 
11 O44 
3 O 
7Z84676 1 Ore J 


Fig. 2 Pinning diagram. 


GENERAL DESCRIPTION 


The SAA1061 is an addressable output port expander for use in microcomputer controlled systems. It 
converts serial input data into parallel output information. The circuit comprises a CBUS receiver, 
logic to check input format, a 16-bit serial/parallel converter, latches and drivers for the parallel 
outputs. 


This universal device can be used for e.g.: 

@ static output of switch-functions 

@ extension of the number of outputs for microcomputers or microprocessors 

@ driving maximum 16-segment LEDs; e.g. 7, 4 or 16-segment displays 

@ driving linear displays (pointer, bar graph) 

® digital to analogue conversion with external resistor network. 

The data is transmitted via the 3-line CBUS from the microcomputer. If the data transmission is valid, 
the data are transferred by a load pulse via the latch to the driver output. Each data transmission is 
checked for word length (18-bit) by the on-chip word format control circuitry. This allows different 
bus information to be supplied on the same bus lines for other circuits. 


The address inputs Ag and Ay determine four address possibilities. A data transmission only takes 
place if the programmed addresses correspond with the address bits SO and S1. 
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46 Segment LED Driver 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage range VoD 
Input voltage range V\ 
Input current +1) 
Output voltage range Vo 
Output current per output +109 
Power dissipation per output Po 
Total power dissipation per package Prot 
Operating ambient temperature range Tamb 
Storage temperature range Tstg 


CHARACTERISTICS 
Vss = 0 V; Vpp = 5 V: Tamb = —20 to + 80 °C; unless otherwise specified 


Supply voltage 
Supply current 


Inputs CLB, DLEN, DATA, Ag, A4 


Product Specification 


SAA1061 


—0,3 to+7,5 V 


—0,3to +15 V 
max. 10 mA 
—0,3 to+ 16,5 V 
max. 20 mA 
max. 7,5 mW 
max. 300 mW 
—20 to +80 °C 


—20 to +125 °C 


Tamb = 25 °C 


Input voltage LOW 
Input voltage HIGH 


Input leakage current | V; =—0,3 to+ 15 V 


Outputs 07 to 046 (open drain) 
Output voltage LOW 

Output leakage current HIGH 
Rise and fall times 


CBUS timing 
~ Rise and fall times 


Data set-up time 
DATA —*» CLB 


Data hold time 
DATA —® CLB 


Enable set-up time 
DLEN —®» CLB 


Disable set-up time 
CLB —» DLEN 


Set-up time 
DLEN —+* CLB (load pulse) 


CLB pulse width HiGH/LOW 
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16 Segment LED Driver SAA1061 
V as 
be 90% 90% 
DLEN 
10% 
Vit - 
V eee 
1H 90% 
CLB 
10% 10% 10% 
VIL === 
wes Boag im 
Vi soa 
a i lt 
VIL er 
— —a—$—e | |<—___ 
—>| |e—typpa tsup!1 'SULD 
—=—— twp— 
ENABLE DATA DATA DISABLE LOAD 
7Z284541.1 


Fig. 3 CBUS timing. 


OPERATION DESCRIPTION 
1. CBUS transmission 


The data words are entered via a serial CBUS interface. A clock burst of 18 clock periods is used to 
transmit the 16-bit data word, plus 2 identifier bits. 


Serial data words, which are synchronized with the clock burst (CLB), are accepted if the enable input 
DLEN is HIGH at the same time. Each transmission is checked for word length (number of clock 
pulses during DLEN is HIGH) and the address bits SO and $1. 


The valid data flag is only set if: 

1. Word length is correct; 2 address bits and 16 data bits. 

2. Address bits SO and $1 correspond with Ag and Aj. 

Loading the information into the selected latch register is done by the load pulse (first clock pulse 
after the HIGH-to-LOW transition of DLEN) if the address bits correspond with Ag and Ay. The load 
pulse or a new LOW-to-HIGH transition of DLEN resets the valid data flag. Only after the valid data 
flag is reset, will new data be accepted. 


bit 


oat meena 7284680 
Fig. 4 Data word organization. } 
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46 Segment LED Driver ~ SAA1061 


DLEN ‘ | 7 | 


test on start-bit 


—| tgusy ~+— 
CLB 


load pulse 


n |  -7284542.1 


Fig. 5 CBUS data transmission. 


Definitions to Figs 4 and 5: 

@ Word length: number of clock pulses during DLEN is active (HIGH); n + 1 bits = 18 bits. 
@ Bit number 0 is for the SAA1061 SO. 

@ Data bits: bit numbers 1 to n-1 (16-bits); bit no. n is S1. 

@ Load pulse: first clock pulse after DLEN returns to inactive (LOW). 


2 Address inputs Ag and Aq 


The 1st bit (bit SO) and the 18th bit (bit S1) of the data word are the address bits. 
Data is accepted only if the addresses correspond to the programmed addresses at inputs Ag and Aq, 
that is for: 


Ag =S0 and Ay = S1. 


3 Data outputs O71 to O76 


The outputs Oj to 046 correspond with the data bits 1 to n-1 (16-bits). The open drain driver outputs 
(O04 to 046) are switched to ground (O, = LOW), if the corresponding data bit is LOW, 


4 Power-on reset 


The circuit generates internally a reset-cycle after switching on the supply and the outputs become 
high-ohmic (HIGH). | 
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7 SAA1062A 
LCD Display/Interface Circuit SAMO62AT 


GENERAL DESCRIPTION 


The SAA1062A is designed to drive a Liquid Crystal Display (LCD) of a digital tuning system. It contains 
a shift register with programmable length (18 or 21 bits), latches, both synchronized or static, exclusive- 
OR segment drivers (17 or 20 bits), an I.f. oscillator and a backplane driver for the LCD. The circuit is 
designed to be driven by a3 bus structure from a microcomputer and can also be used as a programm- 
able 17 or 20 bits serial-to-parallel decoder. It is also capable of storing 40 bits of information. 


Features 


Driving 7 to 20-segment displays. 

Driving linear displays. 4 
Serial to parallel decoder of digital signals. 

Bus control for the selection of 18/21-bit words. 

17/20-bit latch. 

A.C. segment drive. 

On-chip oscillator. 


QUICK REFERENCE DATA 


Supply voltage range Vec 42t05,5 V 
Operating ambient temperature range Tamb —20 to+70 °C 
Maximum input frequency fj typ. 50 kHz 
Supply current Icc typ. 3,5 mA 
Output current (Q1 to Q99) lo > 60 wA 


PACKAGE OUTLINES 


SAA1062A_: 28-lead DIL; plastic (SOT-117). 
SAA1062AT: 28-lead mini-pack; plastic (SO-28; SOT-136A). 
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LCD Display/Interface Circuit 


September 1985 


SAA1062 


7278899 


Fig. 1 Pinning diagram. 
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SAA1062A 
SAA1062AT 


LOL-V 


G8G6l Jequiajdes 


LEVEL 
DETECTOR 


DEVELOPMENT SAMPLE DATA 


Q, Qo Q3 Q47 Qug Qig Q59 


28 
SEGMENT 
ead reed pes a aaa “7 
ee z ne he ae 


ina 
a 
sw 


ae ae =a oa 
LLF LLF LLF LLF 
£ at 


JINDID SPoopeyul /AD|dsig Gd1 


CLCK leading 
DATA zero 


LOL 


SAA1062A 


BUS CONTROL 


LF CURRENT/ 


EXCLUSIVE BACK 


OR PLANE TRIANGLE VOLTAGE 


GENERATOR STABILIZER 


» |_| ae | 4 5 


CLB DLEN DATA BLS AC/EL Cie 7278901.1 Voc 


| 


DRIVER 


VZ90LVVS 


UOHOOWIOedS JONPO!d 


INZIOLWVS 


Fig. 2 Block diagram. 


SJONPOld 1OEUl] $d|JeUBIS 


Signetics Linear Products Product Specification 


LCD Display/Interface Circuit | | epiegns 


OPERATION DESCRIPTION 


The input information for this device consists of a data bus with 18 or 21 bits words, an external clock 
synchronized with the data bus and an enable signal. The organization of these signals is given in Fig. 3. 
These signals are handled by the BUS CONTROL circuit in which the decision is made whether these 
signals are valid for the device. It contains a leading zero detector (start condition of reception) and a 
data-length control. Leading zerois detected when the data signal is LOW and the DLEN signal is HIGH, 
during the first HIGH period of the clock signal. During the HIGH period of DLEN, the length control 
determines if the clock signal consists of the programmed number of pulses (18 or 21). This last func- 
tion permits the user to supply other information on the same signal lines. 


Furthermore the bus control prevents the device from accepting inferferences on the signal lines. While 
leading zero is detected, the shift register is set and for a proper leading zero the following data is 
shifted into this register. The Q,, position of the first bit of the register is shifted into the last bit, if the 
length of the data and the clock input are correct. Incorrect length of the information is detected by 
checking the value of the last bit of the programmed register. If the data transmission has been accepted 
properly, the bus control stage generates a valid pulse (LOL). 

This pulse enables the load control circuit to load the contents of the register into the output latch 
immediately. On the first edge of the backplane driver signal ‘‘AC out/EL in” following on this ‘““LOL” 
pulse, the new information of this latch is transferred to the output driver which also contains a latch. 
With this ability it is possible to load the device with 20 bits and also to transfer this data to the 
segment outputs. Furthermore, the SR can be reloaded by a second complete load procedure without 
a load enable clock pulse. This causes the SR to contain 20 bits and the output latches another 20 bits 
of information. | 

The output driver also contains an EXCLUSIVE-OR which is driven by the backplane driver signal and 
the latch output. The segment driver output signal is in phase with the output of the backplane driver 
when the input data is HIGH (‘1’’) and 180° out-of-phase when the input data is LOW (’0”). 

In the static or slave mode, the backplane output can be used as input by connecting pin 6 to ground 
or Vcc. The IC now can operate as a static driver or as a synchronized slave. 

The I.f. oscillator consists of a triangle generator of the |-21 principle. It only needs an external capaci- 
tor to fix the frequency. As both amplitude and current are temperature compensated, this frequency 
is more or less independent of pn temperature. An internal switching signal of this generator is divided 
by 4 to attain a symmetrical output for the backplane driver (pin 8) of nominal 60 Hz for an external 
capacitor of 22 nF. 

The backplane driver is able to drive a 40 bits display. 


The bit length of the shift register is programmed with BLS (Bit Length Selector) (pin 7). If BLS is 
kept LOW the DATA bit length is 20; for BLS open or HIGH a DATA bit length of 17 is selected. 
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DEVELOPMENT SAMPLE DATA 


DLEN | | GWU». 


leading zero 


significant data 


cin_—_— WY a = Ba=a7H 


bit number: 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 20 bits 
output: Q59 Aig Ag 947 Aygqy A415 Azq 273 F120 911 F199 [FQ GQ 27 AGG AR Aq AZ AD A] SR 
bit number: 17 146 15 14 #13 #12 #11 #10 9 8 7 6 5 4 3 2 1 17 bits 
output: Pig Pie Sis: Sia: Gis O12 Cig Sig. So: “Sg - 07: OG. ge a, ge. 19s “Oy ee: oadibnt S.R. 


7278900 


Fig. 3 Organization of 18 and 21 bit words; DATA = LOW means segment ‘on’. 


>| 


INZIOLWVS 


{INDID eoopejul /AD|Csiq GDI 


Ve90LVVS 


SJONPOlg JO@UT] Soj;eUBIS 


UOHODYIO@dS JONPOld 


Signetics Linear Products . Product Specification 


eos ae | SAA1062A 
LCD Display/Interface Circuit | | : : AAO 62AT 
RATINGS (Ver = 0) 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage Vcc max. 6 V 
Total power dissipation at Tamp = 100 °C 
derate linearly with 0,02 W/°C Prot max. 500 mW 
Operating ambient temperature range Tamb —25 to+ 125 9C 
Storage temperature range , Tstg —55 to+ 125 °C 


CHARACTERISTICS 
VEE = 0; Vcc = 5 V; Tamb = 25 OC; unless otherwise specified 


aernenensantes 65a (a 


Supply voltage Vcc 5,5 
Supply current lec C= Pe — mA 
Inputs CLB, DLEN, DATA, BLS | 
input voltage HIGH ViH 16 — Vec V 
input voltage LOW VIL —1 - +08 V 
maximum input frequency fi _ 50 — kHz 
Input Ceay¢ 
input voltage HIGH VI 46 _ — V static mode 
input voltage LOW VIL —0,1 — 04 V sync. slave mode 
input current HIGH NH _ _ 180 wA 
input current LOW He — — —40 wA 
Input AC/EL (in slave mode) 
input voltage HIGH Vin 2,1 — Vec V 
input voltage LOW VIL —-04 —- 2,3 V 
Output Coy, (oscillator mode) 
oscillator frequency fosc 120 240 360 Hz C= 22 nF 
Output stage backplane (AC/EL) 
output current sink/source lo 2,4 ~~ — mA 
Output OQ, to Q99 
output current sink/source lo 60 — — pA 


d.c. rest voltage between 

pin 8 (AC/EL) and one of 

the segment drivers (see Fig. 4) 

segment ‘on’ situation = — 25 mV 
segment ‘off’ situation _— — 25 mV 


mCiEL, 7° “| | | 
SEGMENT *°” . 
DRIVER oa Fig. 4 AC/EL and segment driver pulses. 


7286856 The d.c. voltage for segment ‘on’ is about 5 V. 
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Fluorescent Display/ Interface Circuit SAA1063 


GENERAL DESCRIPTION 

The SAA1063 is designed to drive the display unit of a digital tuning system. It contains a 17-bit shift 
register, latches, display multiplexers and output stages, capable of driving 4% decades of a 7 segment 
fluorescent display in duplex mode. The decoding for the display is carried out in the data input 
(microcomputer). 

Features 

@ Driving 4% decades of a seven segment display in duplex mode. 

@ Microcomputer compatible. 

@ 17-bit shift register. 

@ D.C. and duplex operation. 


QUICK REFERENCE DATA 


Supply voltage range Vcc 4 to 5,5 V 
Operating ambient temperature range Tamb —20 to +80 OC 
Maximum input frequency fj min. 50 kHz 
Supply current lcc typ. 20 mA 
Output current la max. 1,5 mA 
Maximum output voltage swing VQmax min. 34,5 V 


PACKAGE OUTLINE 
24-lead DIL; plastic (SOT-101A) 
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Fig. 1 Block diagram. 
Insert indicates structure of logic elements. 
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Product Specification 


Fluorescent Display / Interface Circuit 


PINNING 
1. Q1 
2. Q6 segment drive outputs 
3. Q2 
4. LOEX mode selection 
5. DLEN bus enable 
6. Vcc +5 V power supply 
7. DUPLEX — duplex input 
8. DATA data input 


9. CLOCK bus clock input 
10. Q5 
11. Q3 segment drive outputs 
12. Q4 


SAA1063 


4-167 


SAA1063 


segment drive outputs 


ground 
segment drive outputs 


ground 


segment drive outputs 
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Fluorescent Display/ Interface Circuit ai | SAA1063 


OPERATION DESCRIPTION 


The input information for this device consists of a data bus with 17 bit words, an external clock 
synchronized with the data bus and an enable signal. The data format of these signals is given in Fig. 3. 
These signals are handled by the BUS CONTROL circuit in which the decision is taken as to whether 
these signals are valid for this device. It contains a leading zero detector (start condition of reception) 
and a data-length control. Leading zero is detected when the data signal is LOW and the DLEN signal 
HIGH, during the first HIGH period of the clock signal. During the HIGH period of the DLEN signal, 
the length control determines if the clock signal consists of 18 pulses. This last function permits the 
user to supply other information on the same signal lines. 


Furthermore the bus control prevents the device accepting interference on the signal lines. If leading 
zero is detected the shift register is reset and then the data is written into this register. The reset 
position of the first bit of the register is shifted into the last bit, if the length of the data and the clock 
input is correct. Incorrect length of the information is detected by checking the value of the last bit of 
the register. If the data transmission has been accepted properly, the bus control stage generates a valid 
pulse (LOVP). This pulse enables the load control circuit to load the contents of the register into one 
of the two latches. When the load bit of the data word is HIGH the register contents are loaded into 
latch A; when this load bit is LOW the register contents are loaded into latch B. When the data 
information is accepted this load bit is written into the first bit of the shift register. 


In duplex mode the load pulse is synchronised by the duplex signal, to avoid current transients in the 
output stages during the loading of the latches. The duplex mode operates in one of two mode 
conditions. When LOEX (pin 4) is LOW the duplex mode condition is selected; when LOEX is HIGH 
the d.c. mode condition is selected. The output stages are switched to the contents of latch A and 
latch B respectively. 


When the duplex input (pin 7) is LOW the contents of latch A can be found on the output, when this 
input is HIGH the contents of latch B are found on the output. 


In the duplex mode condition the output stages are capable of driving 32 duplexed segments of a 
fluorescent display. However, in the d.c. mode condition the output stages can only drive 16 segments 
of the display and two SAA1063 devices are required to drive a 4% decade display unit. 
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Fig. 3 Organisation of 18-bit data word. 


1. The display segment is blanked by a HIGH data bit. 

2. In duplex mode the period between the two data words must be greater than 21 ms. 
3. Shaded timing periods are ‘don’t care’ levels. 

4.71 > 4 us if a continuous clock is used. 79 and 73 > 4 us. Ta > 2S. 
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Fluorescent Display /Interface Circuit = | SAA1063 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage Vcc max. 6 V 
Total power dissipation at Tampb = 80 °C Prot max. 900 mW 
Operating ambient temperature range Tamb —20 to +80 °C 
Storage temperature range Tstg —55 to +125 oC 
CHARACTERISTICS 


VeEE=0V; Vcc= 5 V; Tamb = 25 OC unless otherwise specified 


Supply olteae 


Supply current 


Inputs 
LOEX, DLEN, DATA, 
CLOCK 


input voltage HIGH 
input voltage LOW 
input current 

max. input frequency 


DUPLEX 
input voltage HIGH 
input voltage LOW 
input current HIGH 
input frequency 
Outputs 
Q1 to Q16 
output voltage HIGH Ig< 0,7 uA 
output voltage LOW } lo=imA 
output current 
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Advance Information 


LVDT Signal Conditioner 


SE/NE5521 


DESCRIPTION 


The SE/NE5521 is a signal condition- 
ing circuit for use with Linear Variable 
Differential Transformers (LVDT’s) and 
Rotary Variable Differential Transform- 
ers (RVDT’s). The chip includes a low 
distortion, amplitude stable sine wave 
oscillator with programmable frequency 
to drive the primary of the LVDT/RVDT, 
a synchronous demodulator to convert 
the LVDT/RVDT output amplitude and 
phase to position information, and an 
output amplifier to provide amplifica- 
tion and filtering of the demodulated 
signal. 


BLOCK DIAGRAM 


FEATURES 


e Low distortion 

¢ Single supply 5V to 20V, or dual 
supply +2.5V to +10V 

¢ Oscillator frequency 1kHz to 20kHz 

e Capable of ratiometric operation 

e Low power consumption (182mW typ) 


APPLICATIONS 

¢ LVDT signal conditioning 
e RVDT signal conditioning 
¢ LPDT signal conditioning 
© Bridge circuits 


FEEDBACK 


SYNCHRONOUS 


5 


O 
DEMOD OUT 


Pin numbers are for F, N packages. 
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PIN CONFIGURATION 


F,N PACKAGE 


TOP VIEW 


D PACKAGE 


TOP VIEW 


ORDER NUMBERS 
NE5521N SA5521N 
NE5521F SE5521F 

NE5521D 
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LVDT SIGNAL CONDITIONER SE/NE5524 


ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION 


Supply voltage +20 
Split supply voltage +10 
Operating temperature range 
NE5521 0 TO +70 
SA5521 -40 TO +85 
SE5521 -55 TO +125 
Storage temperature range -65 TO +150 
Power dissipation 840 


TOP VIEW 


PIN DEFINITIONS 


Amp Out Auxiliary Amplifier Output. 

+IN Auxiliary Amplifier non-inverting input. 

-IN Auxiliary Amplifier inverting input. 

LVDT IN Input to Synchronous Demodulator from the 
LVDT/RVDT secondary. 

DEMOD OUT Pulsating DC output from the Synchronous 
Demodulator output. This voltage should be 
filtered before use. 

SYNC Synchronizing input for the Synchronous 
Demodulator. This input should be connected 
to the OSC or OSC output. Sync is referenced 
to Vre-/2. 

Device return. Should be connected to system 
ground or to the negative supply. 

No internal connection. 

No internal connection. 

No internal connection. 

Oscillator frequency-determining resistor. A 
temperature stable 18K-ohm resistor should be 
connected between this pin and pin 7. 

A high impedance source of one half the 
potential applied to Vaer (pin 16). The 
LVDT/RVDT secondary return should be to this 
point. A bypass capacitor with low impedance 
at the oscillator frequency should also be 
connected between this pin and ground. 
Oscillator sinewave output that is 180° out of 
phase with the OSC signal at pin 14. The 
LVDT/RVDT primary is usually connected 
between OSC and OSC pins. _ 

osc Oscillator sine wave output. The LVDT/RVDT 
primaries are usually connected between OSC 
and OSC pins. 

FEEDBACK Usually connected to the OSC (pin 14) output 
for unity gain. A resistor between this pin and 
OSC, and one between this pin and ground, can 
provide for a change in the oscillator output pin 
amplitudes. 

Reference voltage input for the oscillator and 
sine converter. This voltage MUST be stable 
and must never exceed V* supply voltage. 
Oscillator frequency-determining capacitor. The 
Capacitor connected between this pin and 
ground should be a temperature-stable type. 
Positive supply connection. 
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LVDT SIGNAL CONDITIONER SE/NE5521 


ELECTRICAL er ere V+ = Veer = 10V, Ta = 0 to 70°C for NE5521, T, = -55 to +125°C for SE5521, 
= -40 to +85°C for SA5521, a ae = 1kHz, unless otherwise noted. 


PARAMETER CONDITIONS eS 
Supply current es . 
Reference current 
Reference voltage range 
Power dissipation 


Oscillator Section 


Oscillator Output R, = 10K 


Co Rae I Se SE 
inte amplitude error ——~=S*dtCi SYS 
amperage J 
= 


Min OSC to (OSC) Load? 


Demodulator Section 


Maximum demodulator input — 


[Demodulator ofeetvotage sd 
[Demoduletorofset vortage art | 


Auxiliary Output Amplifier 


Input offset voltage 


Input offset drift 


Input bias current ——f 
Input offset current oneness 


128 
ace Ee 


Unity gain bandwidth product 
Output voltage swing R, = 10K 


Output short circuit current to ground 
orto Vi, 


NOTES 
1. This is temperature coefficient of frequency for the device only. It is assumed that Cy and Ry are fixed in value and Cry leakage is fixed over the operating temperature range. 
2. Minimum load impedance for which distortion is guaranteed to be less than 5%. 
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LVDT SIGNAL CONDITIONER _ ——SE/NE5524 


EXPLANATION OF TERMS 


Oscillator Output rms value of the AC voitage available at the oscillator output pin. This output is referenced to Va¢e/2 and is a function of Vref. 


Sine Wave Distortion The Total Harmonic Distortion (THD) of the oscillator output with no load. This is not a critical specification in LVDT/RVDT 
system. This figure could be 15% or more without affecting system performance. 


Initial Amplitude Error A measure of the interchangeability of SE/NE5521 parts, NOT a characteristic of any one part. It is the degree to which the 
oscillator output of a number of SE/NE5521 samples will vary from the median of that sample. 


initial Accuracy of Oscillator Frequency = Another measure of the interchangeability of individual SE/NE5521 parts. This is the degree to which the oscillator frequency 
of a number of SE/NE5521 samples will vary from the median of that sample with a given timing capacitor. 


Tempco of Oscillator Amplitude A measure of how the oscillator amplitude varies with ambient temperature as that temperature deviates from a 25°C ambient. 


Tempco of Oscillator Frequency A measure of how the oscillator frequency varies with ambient temperature as that temperature deviates from a 25°C ambient. 
Voltage Coeffecient of Oscillator Frequency The degree to which the oscillator frequency will vary as the reference voitage (Vacr) deviates from +10 volts. 


Linearity Error The degree to which the DC output of the demodulator/amplifier combination matches a change in the AC signal at the 


demodulator input. It is measured as the worst case nonlinearity from a straight line drawn between positive and negative full 
scaie end points. 


Maximum Demodulator Input The maximum signal that can be applied to the demodulator input without exceeding the specified linearity error. 


APPLICATION INFORMATION 
Vrer - 1.3V 


OS MeRueney Ree TeKICr 
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Symbols and Definitions 


Acquisition Time 

The time required to acquire a new analog Input voltage with an 
output step of 10V. Note that acquisition time is not Just the 
time required for the output to settle, but also includes the time 
required for all internal nodes to settle so that the output 
assumes the proper value when switched to the hold mode. 


Aperture Delay Time 

The time elapsed from the hold command to the opening of the 
switch. 

Aperture Jitter 


Also called ‘‘aperture uncertainty time”, it’s the time variation or 
uncertainty with which the switch opens, or the time variation in 
aperture delay. 


Aperture Time 


The delay required between “hold” command and an input 
analog transition, so that the transition does not affect the hold 
output. 


Dynamic Sampling Error 


The error introduced into the held output due to a changing 
analog input at the time the hold command is given. Error is ex- 
pressed in mV with a given hold capacitor value and input slew 
rate. Note that this error term occurs even for long sample times. 


Effective Aperture Delay 

The time difference between the hold command and the time at 
which the input signal is at the held voltage. 

Figure Of Merit 


The ratio of the available charging current during sample mode 
to the leakage current during hold mode. 


Product Specification 


Gain Error 

The ratio of output voltage swing to input voltage swing in the 
sample mode expressed as a percent difference. 

Hold-Mode Droop 

The output voltage change per unit of time while in hold. Com- 
monly specified in V/s, nV/us or other convenient units. 
Hold-Mode Feed Through 

This percentage of an input sinusoidal signal that is measured at 
the output of a sample-hold when it’s in hold mode. 

Hold Settling Time 

The time required for the output to settle within imV of final 
value after the “hold” logic command. 

Hold Step 


The voltage step at the output of the sample and hold when 
switching from sample mode to hold mode with a steady (dc) 


‘analog input voltage. Logic swing is 5V. 


Sample-To-Hold Offset Error 

The difference in output voltage between the time the switch 
starts to open, and the time when the output has settled com- 
pletely. It is caused by charge being transferred to the hold 
capacitor switch as it opens. 

Slew Rate 

The fastest rate at which the sample & hold output can change 
(specified in V/us). 

Threshold 

Level shall be defined as that level which causes the switch con- 
trol to change state. 
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Advance Information 


High Performance Sample-and-Hold Amplifier | TDA1535 


DESCRIPTION 

The TDA1535 is amonolithic high speed, high 
performance, sample-and-hold amplifier con- 
sisting of a high speed operational amplifier 
with two switchable JFET inputs and a wide 
band switchable class B output stage. The 
high accuracy makes this device suitable for 
data acquisition systems with resolution up 
to 16 bits. 


REFERENCE DATA 


Positive supply (pins 9, 16) 


Negative supply (pins 10, 15) 
Negative supply 2 (pin 9) 
Signal-to-noise ratio 
Distortion 


BLOCK DIAGRAM 


FEATURES PIN CONFIGURATION 
@ Low distortion (0.001%) 

@ High signal-to-noise ratio (110 dB) 
@ Low droop rate (5 V/sec) 

@ TTL compatible control input 


APPLICATIONS 

e Digital signal processing 
@ Digital audio 

@ Data acquisition 

@ Telemetry 


TOP VIEW 


ORDER NUMBER 
TDA1535 


DIGITAL 
CONTROL 


For additional information, consult the Applications Section. 
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Communications 
Section 5 


Analog and Audio Processing 


Audio/Stereo 
SA/NE602 Double Balanced Mixer and Oscillator..........ccscccsccsccccveccccccccssencuccscusnenus 
SA/NE604 Low Power FM L.F.. SYStOIMN .csciscccvsccecessscensecacsascncscscusaccsssensencsetenssctances 
NE670 Low Voltage Dolby B/C Type Circult..........ccssscsccnssccccccssccccccnsecncnsccescsans 
TDA1029 StGred  AUuGiO Sweeny viics isnivcceccscesvevsccswincces cascscen cecdvwccwsecedcctecdsceesassevens 
TDA1074A DC Controlled Dual Potentiometers ............... idganepnccaueaepaudvinausnedaasecaasian 
TDA1522 CaSSSttS Prean>niplitlel vvissisesdcsccasccccccovcsosscsescevsesseusccccscctevecscvouccccenceuccees 
TDA1524A Stereo Audio: Control .bssicsicsvdecasssiacdecsedincaivcencssvdacstacieseencsugieetecuciscuseces 
TDA1578A PLL: StOreG DOCOMO ioivivisiccviccacecccavediccnweciaevnceedescuccvsscessadencasaccedodeessdaeaes 
TDA3806 TV-Stereo Sound Decoder (Zenith Format) .............cccesscesssncsccccccscccncseccs 
TDA3807 Second Audio Program ........ssecccccccscccccccscccccccccscccacsccsenccccncccccssncssescscns 
TDA3810 Spatial, Stereo, Pseudo-Stered ProcesSSOr .........ccsssssccssceccncvscsccesscensensnnes 
TEA5580 PLL. StOred: DOCOGOT ga isicciciisicwacacicckinsh ovtseccncivasesddeateveseacduesteaisedvesesddsds 

AM Radio 
$AA1057 PLL RAGIO TUNMG CHCUIE cicccccssccsicseceddcscddocveesssneesecenswaveneaccedeususcviesssens 
TDAO0820T Balanced Modulator/Demodulator .........cccncccrcncsennccncsccccssccccsncucccsncsecscens 
TDA1072A AM: Receiver GICUM a iciiisicesccs icccevcdvssicdescceds docccadceencuvcesdencneesasesetuvouansecs 
TDD1742T CMOS Frequency Synthesizer (LOPSY).............seccsscsccesssccnesccnncencecsarncces 
TEA5550 AM Radio Circuit ..........scccsseccnsscccsnsssncenscce Ssuuiavasiaeaceeisesecasdewscswaarcuensel 
TEA5570 AM/FM Radio Receiver Circuit......... paudshacwievesteucasonde sas ucvuseusesenmeccaukiuauns 

FM Radio 
SAA1057 PLL Radio Tuning Circuit ...........s00+. sinuteeexevenen siivveeueust daekcvaasceaveswasncsenes 
TDAO820T Balanced Modulator/Demodulator ...........sscsscsscsssensesccssass sidvudwaeas vaubeaweeaus 
TDA1001B,BT Interference SUPPeSSOF .........ceccccccsccccrsccccesanccccccnsncessanscscccnsususenseuaseues 
TDA1571 FM: WIKOR Sta i iisisecasicsnececceduasasicdiesncudssncdcvenedscesassewantcuteuusdeadedentecuuseees 
TDA1574 FM FFONnt: EMG WG isis ivcncadascicdchatarscactcadececacadéadenvenascn odunbWaceuamsueleenaesawesne 
TDA1576 FM LF. (Quadrature Detector) ........ccccsscccsescrscnsscuscncsenscccscessucasecessrensoues 
TDA1596 EM LE. AMDUNGE ii sevevcdednciccsunciviuswissernseenseudeuvsvevasdcacssssvesssentceseeceesnccsss 
TDA7000 FW FRAGIO CHUN caus iencceisicctid dcctecdcccvens ccdeccawetienetesesvudernpeatedcesecassyaewed ses 
TDA7010T FM Radio Circuit (SO Package) ..........ccscssscsccccsssccccccscnsnseccnsccnssccccennannes 
TDA7020T PM FRaAGIO CHUN siciiccssiciicanisccdecdccecccsccecncedaseeseesdeesdsvebisrvesetetcecteteccessy 
TDD1742T CMOS Frequency Synthesizer (LOPSY)..........ccsssscssssecnessecceensecceeccnscnseces 
TEA5560 FM FROG CUCU oii coanec se inceuiniwcuninancaccanacersiasaieecnsedisascabinccesteustuncaceses 
TEA5570 AM/FM Radio Receiver Circuit ..........csccsccccccccrrscccncensncscccnccccensscenenacssees 
TEA6000 FM I.F. System and Computer Interface (MUSTI) Circuit .........ccccsesecscseeees 
SA/NE602 Double Balanced Mixer and Oscillator.............ccssccccssccncncesccnscccsssscaannsoes 

’ SA/NE604 Low Power Narrow Band FM LP. ......cccsscccccnscvenscccccscnccccsscnsnsseccsusececeves 

FSK Modems 

I1/R Remote Control Transmitters and Receivers 
SAA3004 AZT ran@ inthe iiviciccsviencccicsececawccecasceivesdsecdancavencesstiesndicentecasnendeuasneseencs 
SAA3006 UZFR. TOOTBINUGON iiiisentisdeceivaccacccatcticsissssccsteecvchectesckecnscccadiancacdcadbacarncdess 
SAA3028 DZ ROGCOIVGD vis i cicctcicvn vedere necacescecascogveiesnaduneevacsicsusesssceecavacetuerucusstnewries 
SAF 1032P Remote Control Receiver .......ccccccccccccccnnsscncccensccncuscsansccsesescnascenssensennes 
SAF 1039P Remote Control Transmitter ............ccsccccsscssccnssncsccssuscnccsvcecccasssccnes aishes 
TDA3047 I/R Preamplifier ..........ssscesessscscsccssnes Sdasauacuunesebudewenawientsveusenansneereukonds 
TDA3048 I/R Preamplifier .........cccccccsccsccsccccssccccscsenccnucccees ide scauuvanaveseieGhassasecuasnes 

Small Area Networks (I7C) | 

INGTFODUCHION 0 cc scasecnscacccsccssccsecsoccssnsccccecseusvocesecssnavienvesssessesseces sdisnusneasesecuansseanvacnaeeey dusnevescesescs 

MAB84XX Family Single-Chip 8-Bit Microcontroller ................«.. gcepdaaa sUsteasaGasavensaduvediuintas 
PCD8571 1K Serial RAM............. sabi bacsvans deediesieene aude Uxweaieciguaseasunmleniseauanuuneneseastad 
PCF8200 CMOS Male/Female Speech Synthesizer .............scscscsensssscssccccanne aeecedsanes 
PCF8570 256 x 8 Static RAM............ iiguasisedevarsacies sWabdecUeccedeveneutesecssetseseveaussutecas 
PCF8573 Clock/Timer ........ eta Renpevbawkuussaes Sudacuntsttiens Hidvecieaesunk Suivewuseoueeas Jevanveeewss 
PCF8574 8-Bit Remote 1/0 Expandor .........cccccsesscescsesencsessece inasets seeuwaeees eexetecwunes 
PCF8576 Universal LCD Driver for Low Multiplex Rates ..........csccccsecsccnccecceenceuseees 
PCF8577 32/64 Segment LCD Driver for Automotive ...............ccessecccsessucconsnecsconsr 
PCF8591 


8-Bit A/D and D/A Converter .......ccesccscccscnccsccessccuscsccncseces Suse ceesveasszesewe 
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Section 5 pet Ss ay | Communications 
SAA1057 PLL Radio Tuning Circuit.......... Uudvavvergaeosdebonsseses siniaid onestdeecdvenduswevebeeaseess 5-81 
SAA1060 LED Display/interface Circuit........... Site eabnanendanecdeGpasesseatueesoassuekacwag seaeves 4-149 
SAA1061 16 Segment LED Driver ....ccccccsencssccscscscccsccsccsccscsscccsecsccescessenss ievindseenen 4-154 
SAA1063 Fluorescent Display/interface Circult ............0. ikadicesescuses scaunbseawecsnetarsene 4-165 
SAA1300 Video Switch (5-Output Switch)............00. ceaustnons wecccubevuaaama iealedusuaewucuenace 8-40 
SAA3028 WR ROCCIVOF viiinicicadaceccessscscesecsvevuesasasieconcs iviweneas sadanveaaecane gaugesiivassacens § ~ 232 
SAA5240 Microprocessor-Controlied Teletext Circult...........scsesssse seuecebaneeveveswnaetewas § - 541 
$AB3013 Six Function Analog Memory (6-Bit D/A Converter)............ Guivstadesbesevunies 4-51 
SAB3035 FLL TV Tuning Circuit (Eight D/A Converters)......... de wacobendawedies seewanesen ie 8 - 54 
SAB3036 FLL TV Tuning Circuit (No D/A Converters) ............. seas suadaeUevaxencsansseesaes 8-70 
SAB3037 | FLL TV Tuning Circuit (Four D/A Converters) ...........ccsccscssesccscnsceccenessene 8-86 
SAF3019P Clock/Timer with I7C Interface ...........004 Seceeeoaienles ces ee ene renee ee 5-615 
TDA1534 14-Bit A/D Converter-Serial Output...........ss000 su vandscdeuswucksdladvacegsacedeunaen 4-19 
TDA1540P, D 14-Bit D/A Converter-Serial Output....... wibedusecauestyeuee sab ausadiadedesaucuseses paneed 4-63 
TDD1742T CMOS Frequency Synthesizer (LOPSY)..........cccscscsccsssssccccccccsscccssccnscnscus 8-103 
TEA6000 FM IF System and Computer interface (MUSTI) Circult ssbanwesdausteaneenues aawies 5-197 

Speech Synthesis 
MEAS8000 Speech Synthesizer ..........cccsccccccssccsccrscsccccensccccnees sk dadeeaken Savewsseanesueseens 5-270 
Omso000 Speech Evaluation P.C. Board.......cssccscssosssesscssccceccoces pescersdedtackicnveveeaexs 5 ~ 283 
Oms001 Speech Demonstrator ........... GauebecedeveVaasaneeteustevs uacdaadeceensseseGuncaniavaneeeses 5 - 283 
OM8010/8011 Speech Encoding System. ........cccccccccccscssccssccccsscescescencuccsscccscosecesencenes 5 - 284 
PCF8200 CMOS Maie/Female Speech Synthesizer......... Sisewbigesveusavaisdeacecestuswmacenaes 5 - 286 

Telephony 

Introduction 
PCD3310 Pulse and DTMF Dialer with Recilal ..........csssccsssccsccnccssenccncscccssssensscscoses 5 - 302 
PCD3311/12 DTMF/MODEM/Musical-Toner Gererators...........cssccseccccccvecscvescceccsecsscsecs 5 - 304 
PCD3315 CMOS Redial and Repertory Dialer..............000. ssiadenccvetanapands auiceuscdawanes a § ~ 321 
PCD3343 CMOS Microcontroller for Telephone Sets ............csesccssscccenccccsecvenseccees i §-323 — 
PCD3360/61 Programmable Multi-Tone Telephone RINger ...........sccecsccscecsecceuscsncessceses § - 363 
PM4300/4337 Microcomputer Development System for MAB8400 ..............00. shvedeacucwadias 5-377 
TEA1042 Transmission Interface with Loudspeaking Facllity.............ccsccssecceccscnecnss §-378 
TEA1046 Transmission Interface with DTMF....... asbaecdddededsveeuacaveeusiecs saeveave sSeenusdens 5-391 
TEA1060/61 Telephone Transmission Circuit with Dialer Interface ............cccscseccesccesces 5 - 404 
TEA1067 | Low Voitage Transmission IC with Dialer Interface...............cesseses Reacaweed 5-418 
TEA1075 DTMF Generator for Telephone Dialing .............ccsese. seeenuus gawcasaspusnaneuecess § - 420 
TEA1080 Supply iC for Telephone Set Peripherals. ............csccsccccssscssccecrsnsvecsnscsens § - 431 
SA/NE602 Double-balanced Mixer and Oscillator (Cellular/Portable for Telephone)..... 5-3 
SA/NE604 Low Power FM L.F. System ............cccsescecceeses Uivessewanedensboentusiieaterwececeses §=-5 
TDA7000 FM Radio Circult ...........cccccssccscsscnsccecsesecs Leewwedeneessupecedevesvieaunbussvewaniekas 5 ~ 169 
TDA7050T Low Voltage Mono/Stereo Power Amplifier (for Cordiess Telephone) ....... 6-72 

Television (For Television IC's see Video Section) 

Videotex/Teletext 

Explanation Of Terms ......cccccsscccsscsscvenssvccncccsccccsccvcccescccnsccccsescceccvesecscene sada iaviveruncusebetuawmeueriness § ~ 432 
SAA5025D Teletext Timing Chain for USA 525 Line System ...........ccccscccnesccccecaccceses § = 433 
SAA5030 Teletext Video Processor ..........cccssscssscecnccccnsces dasanakeedeceteceercsexes iecercee § - 450 
SAA5040 Teletext Acquisition and Control Circuit ...........cseccercsnsecccesee ieee puapweces us 5 ~ 460 
SAA5045 Gearing and Address Logic Array for USA Teletext (GALA) . eiauciececeasencanin 5-479 
SAA5050/55 Teletext Character Generator............... seavedussde de cvaeesvereas ivagadivesteabsescceaes 5 - 486 
$AA5070 Microcomputer/Microprocessor Peripheral for Viewdata (LUCY)................ § - 503 
SAA5230 Teletext Video ProcesSOr ..........ccsecscccccsccsessccccesessnsces jas pceneswevennedaneeuces § = §32 
SAA5240 European Computer Controlled Teletext Circuit (EURO ccT) beacewuicssddedacaed 5 ~ 541 
$AA5350 Single-Chip Color CRT Controller (EURO)... esase SSeawddek cexcatadeutandeedsuninduieves 5 - 567 

Timers a 
PCF8573 Clock/Calendar .........esecccsssses ds bnsdiee Cadvedivedaceabenvsapeeess Sidadecaianse ievatucaes ‘is 5 - 597 
SAF3019P CLOCK TIMON sesiccnccdansvansscscscciciectcvessusensese sciences eledeaueeveccsvavwunss sncuaaensee 5-615 

Compact Disc - Digital Audio 
$AA7000 Compact Disc Circult...........csssscscssses édewetewen sd isneevevese Scnsasivececuerecoeegadeues § - 625 
$AA7010 Demodulator for Compact DISC ............scccccccsscccorsecccsscnscccuccscnsccocncssceses 5 - 635 
SAA7020 Error Corrector for Compact Disc....... eiteewees sidu waamusneneaveentvestucdsbas@eavesvane 5 - 647 
SAA7030 Filter Circuit for Compact DISC ..........cccscscsesccscsscccecsccnccccscsconcccoscesceceres 5 ~ 660 

Music Synthesis 
SAA1099 Microprocessor Controlled Stereo Sound Generator ............ ciwwasteunwuscwsee 5 - 668 
UAA2183 Sound Generator IC for Organs .......csccsccsscsecccccsscvcccnsevencceccccsons Seuswaeande 5-683 


PCD3311/3312 DTMF/MODEM/Musical Tone Generator .......... we ducnacasdssscnsas sdasedeeulinwecawan’ 5 ~ 304 
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Double Balanced Mixer and Oscillator SA/NE602 


DESCRIPTION APPLICATIONS PIN CONFIGURATION 
The SA/NE602 is a monolithic Double  e¢ HF and VHF frequency conversion 
Balanced Mixer with on-board oscillator and _—e Cellular radio mixer/oscillator 
voltage regulator. The oscillator canbe used e Communication receivers D, N PACKAGES 
as a buffer for external injection. The design _e Instrumentation frequency converters 
is optimized for frequency conversion applica- «© VHF walkie talkie 


tions up to 200MHz and has excellent noise INPUT A[ 1 | | 8 | Voc 
and 3rd order intermodulation performance. input Bf 2 | benavavos 
The SA/NE602 is available in a 8 lead dual in 
line plastic package and 8 lead SO (Surface GROUND | 3 | | 6 | OSCILLATOR 
mounted miniature package). sureuralae moe 
FEATURES See 
e Low current consumption: 2.4mA 

typical ORDER PART NUMBERS 
¢ High input and oscillator frequency NE6O2N  SABO2N 


operation up to 200MHz NE602D SA602D 

¢ High third order intercept point: — 15 
dBm referred to matched input 

e Excellent noise figure: 5.0dB typical 
at 45 MHz 

¢ Low external count; suitable for 
crystal/ceramic filters 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING UNIT 
Maximum operating voltage ete onarreest@ ec. tell V 
°C 
°C 


Operating temperature 
NE602 0 to +70 
SA602 — 40 to +85 


BLOCK DIAGRAM 


VOLTAGE 
REGULATOR 
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Preliminary 


Double Balanced Mixer and Oscillator 


SA/NE602 


DC ELECTRICAL CHARACTERISTICS: T, = 25°C, Vcc = 6V. 


NOTE: 


SYMBOL AND PARAMETER 


ee 
[0 curent drain ——SSC*dC id 
input signal requeney Sd 
[—oseitatorrequeney id 
[Nese igure @ asmiz———SSS*dC CS 
thea oraer intercept pot Sd 
[Winer input resistance ———SSSS*dt CSS 

[= Winer input capacitance 
[Miner output resistance” | 


[Sainecoe 
typ | wax | 
Tao 


=] 
ar 


UNIT 


| =| 200_ 

ey 
ce Ral 
ae eae 


ae ee 
em 


1. Each output pin is internally connected to Voc through a 1.5 (nominal) kQ resistor. 


CIRCUIT DESCRIPTION 


The NE602 utilizes an active double balanced 


mixer. The RF input port (pins 1 and 2) can be | 


used in either a symmetrical or an asym- 
metrical configuration. The RF input port has 
a resistance of 1.5KQ shunted by 3.0pF. In 
order to be used as an asymmetrical configura- 
tion, one of the two input pins (1 or 2) must be 
bypassed to ground with a capacitor. The RF 


TYPICAL APPLICATION 


0.5 to 1.3nH 


|o.209 to 0.283.4H 


September 1985 


input port does not need any external bias and 
should not be DC grounded. An external DC 
path between pins 1 and 2 is allowed. 


The local oscillator is an emmitter-follower cir- 
cuit and is capable of many types of oscillator 
configurations. Pin 6 (oscillator base) and pin 
7 (oscillator emitter) do not need any external 
bias circuitry, but only pin 6 may have a DC 


| 22pF | as 


34.2MHz THIRD OVERTONE CRYSTAL 


path to Voc. Pin 6 can be used for external 
oscillator or for frequency synthesizer injection. 


The NE602 output pins can be used in a single- 
ended or push-pull configuration. There are in- 
ternal 1.5KQ resistors connected to Voc for 
each output pin (4 and 5); therefore no exter- 
nal bias is needed. Pins 4 and/or 5 may have 
a DC path to Veco. 
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Preliminary 


Low Power FM I.F. System 


SA/NE604 


DESCRIPTION 

The SA/INE604 is a monolithic low power FM 
IF system incorporating two limiting inter- 
mediate frequency amplifiers, quadrature 
detector, muting, logarithmic signal strength 
indicator, and voltage regulator. The 
SA/NE604 is available in a 16 lead dual-in-line 
plastic package and 16 lead SO (surface 
mounted miniature package). 


FEATURES 
e Low power consumption: 2.3mA typical 
¢ Logarithmic Received Signal Strength 
indicator (RSSI) with a dynamic range in 
excess of 90dB 
¢ Separate data output 
Audio output with muting 
Low external count; 
crystal/ceramic filters 
Excellent sensitivity: 1.5uV across input 
pins (0.27 uV into 502 matching network) 
for 12dB SINAD (Signal to Noise and 
Distortion ratio) at 455kHz 


APPLICATIONS 

e Cellular Radio FM IF 

¢ Communications receivers 

¢ Intermediate frequency amplification and 
detection up to 10.7MHz 

¢ RF level meter 

e Spectrum analyzer 


Suitable for 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL AND PARAMETER RATING UNIT 


Operating temperature 


NE604 
SA604 


0 to +70 
—40 to +85 


BLOCK DIAGRAM 


5-5 


PIN CONFIGURATION 


N, D PACKAGE 


IF AMP 
DECOUPLING 


16 | IF AMP INPUT 


15] iF AMP 
DECOUPLING 


MUTE INPUT | 3 | 


LIMITER 
INPUT 


LIMITER 
DECOUPLING 


LIMITER 
DECOUPLING 


LIMITER 
OUTPUT 


RSS| OUTPUT | 5 | 
AUDIO OUTPUT | 6 | 


DATA OUTPUT 


QUADRATURE 
INPUT 


TOP VIEW 
ORDER NUMBERS 


NE604N, NE6040 
SA604N, SA604D 
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Low Power FM I.F. System | ~ SA/NE604 


ELECTRICAL CHARACTERISTICS T, = 25°C, Voc = +6 volts, unles CIRCUIT DESCRIPTION 

| otherwise stated. . The SA/NE604’s IF amplifier has a gain of 
30dB, bandwidth of 15MHz, with an input 
impedance of 1.5K2 and an output impedance 
of 1.0KQ2. The limiter has a gain of 60dB, 
bandwidth of 15MHz, and an input impedance 
of 1.5K. An interstage filter between the IF 
Amplifier and Limiter is recommended to 
reduce wideband noise. The quadrature 
detector input (pin 8) impedance is 40KQ. 


The data (unmuted output) and audio (muted 
Output) both have 50K output impedance and 
their detected signals are 180 degrees out of 
phase with each other. The mute input (pin 3) 
has a very high impedance and is compatible 
with three and five volt CMOS and TTL levels. 
Little or no DC level shift occurs after muting 
when the quadrature detector is adjusted to the 
IF center frequency. Muting will attenuate the 
audio signal by more than 60dB and no voltage 
(off) ; spikes will be generated by muting. 


Mute - switch input threshold (on) 


The logarithmic signal strength indicator is a 
Current source output with maximum source 
current of 50 microamps. The signal strength 
indicator’s transfer function is approximately 
10 microamp per 20dB and is independent of 
IF frequency. The interstage filter must have 
a 6dB insertion loss to optimize slope linearity. 


Pins 1, 16, 15, 14, 12, 11, 10, 9, and 8 do not 
need external bias and should not have a 


TYPICAL APPLICATION | | DC path. 


SIGNAL 
STRENGTH 


VOLTAGE 
REGULATOR 


AUDIO DATA 
OUT 
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Low Voltage Dolby B/C Type IC NE670 


DESCRIPTION FEATURES PIN CONFIGURATION 


The NE670 is a monolithic IC intended ¢ B and C type noise reduction 
for use in low voltage Dolby* B &C type © Low voltage operation 1.8-8V D PACKAGE 
noise reduction applications. This IC Playback and record modes 
design features both record and play- OdB (Dolby level) = 100mV 
back mode with all internal electronic Record input sensitivity 50mV 
switching. Playback sensitivity 20mV 

All electronic switching 


APPLICATION 
e Portable tape recorders/players 


TOP VIEW 
Order Numbers 
NE670D 


Pin Function 


. Test point 

. Internal switch 

. High-level stage side chain input 
. High-level stage high pass 

. High-level stage D-amp output 
. High-level stage rectifier input 
. High-level stage attack 

. High-level stage decay 

. Internal switch 

. High-level stage output 

. Low-level side chain input 

. Low-level stage high pass 

. Low-level stage D-amp output 
. Low-level stage rectifier input 

. Low-level stage attack 

. Low-level stage decay 

. Record output 


. Veco 


. Vrer 
. Anti-saturation network capacitor 


. Mode switch 

. Playback record switch 

. Play input 

. Ground 

. Record input 

. Compensation capacitor 

* Available only to licensees of Dolby Laboratories Licensing Corporation, San Francisco, from whom licens- . Line output 

ing and application information must be obtained. . Spectral skewing network 
Dolby is a registered trademark of Dolby Laboratories Licensing Corporation, San Francisco, California. 
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Low Voltage Dolby B/C Type IC ce West NE670 


BLOCK DIAGRAM 


e 
26 25 23 


PRE-AMP 


27 


21 


B/C/OFF 
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Low Voltage Dolby B/C Type IC NE670 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL & PARAMETER RATING UNIT 


Vec Supply Voltage 8 V 
Temperature Range 

Ta Operating 0 to +70 °C 

Tst¢ Storage -—65 to + 150 °C 


ELECTRICAL CHARACTERISTICS standard Conditions: Voc = 3V, Ty = 25°C. 
All levels referenced to 0dB = 100mV at test point (TP). 


LIMITS 


oa as i a 
T= eee Ge es ee os, 


THD. 2nd and 3rd Harmonics ee % 
ce FE a eae 


ee | dB 
Signal-to-Noise Ratio = is ieee see 2 ee 
pee 


Settee PEPE Sb ae = age = 
2 Ws Oe Ha a 

inputvesisancs ||| Pine iS | 
[ef o [a| iowizos | -16 | o# | 24 | oo 
[es [on [a | ste, -2na8 [ve | -«s| ws | 
[8 [on [a | site, anes [ase | -as | wo | oo 
Te [on [oa | see, 4008 [a7 [aor | err | oe 
Te [on [| sons os [55 | -os | 15 | 8 
[e[ on [a | tete, ~ 2008 [se [er | er | 8 
Te [on [7a | see, aoa [208 [ass | 20s | oo 
aa a ee 
Teno | eves |v 


cel 
| es 
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Figure 1. Test Circuit 
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Stereo Audio Switch TDA1029 


The TDA1029 is a dual operational amplifier (connected as an impedance converter) each amplifier 
having 4 mutually switchable inputs which are protected by clamping diodes. The input currents are 
independent of switch position and the outputs are short-circuit protected. 


The device is intended as an electronic two-channel signal-source switch in a.f. amplifiers. 


QUICK REFERENCE DATA 


Supply voltage range (pin 14) Vp 6 to23 V 
Operating ambient temperature : Tamb —30to+80 °C 
Supply voltage (pin 14) Vp typ. 20 V 
Current consumption | 114 typ. 3,5 mA 
Maximum input signal handling (r.m.s. value) Vi(rms) tYP- 6 V 
Voltage gain Gy typ. 1 
Total harmonic distortion dtot typ. 0,01 % 
Crosstalk a typ. 70 dB 
Signal-to-noise ratio S/N typ. 120 dB 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT-38). 
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+ 
—3 100 
signal sources S uF 
(15 V) 
Ro = 47 kQQ (8x) i y 
Rbias = 470 kQ. (8x) 
C;=0,1 uF (8x) 
signal inputs 
SWITCH I 
BIAS SWITCH ieay 
VOLTAGE CONTROL VOLTAGE 
: 9g 10 11 12 13 14 ; 15 16 
signal signal 
Output output 
I 4]3 |2 1 “i ” 
2b O OQ Oo Vp 2k: 
RL =4,7kQ : Ry =4,7kQ C, = 100pF 
‘/ ] 
7276181.1 
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Stereo Audio Switch TDA1029 

RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 14) Vp max. 23 V 
input voltage (pins 1 to 8) Vi max. Vp 

—V; max. 0,5 V 
Switch control voltage (pins 11, 12 and 13) Vs Oto 23 V 
Input current +1 max. 20 mA 
Switch control current —Is max. 50 mA 
Total power dissipation Prot max. 800 mW 
Storage temperature Tstg —55 to + 150 °C 
Overating ambient temperature Tamb —30 to +80 °C 


CHARACTERISTICS 
Vp = 20 V; Tamb = 25 °C; unless otherwise specified 


Current consumption 3.5 mA 

without load; lg = 145 =0 14 typ. 2 to 5 mA 
Supply voltage range (pin 14) Vp 6 to 23 V 
Signal inputs 


Input offset voltage 
of switched-on inputs 


t 2 mV 

Rs <1kQ Vio Be in ay 

Input offset current 
. 20 nA 

of switched-on inputs lio Bi 200 ae 
Input offset current 

of a switched-on input with respect to a 

non-switched-on input of a channel lio ee Fed _ 
Input bias current , | 

independent of switch position lj Bi aa a 
Capacitance between adjacent inputs C typ. 0,5 pF 
D.C. input voltage range V\ 3to 19 V 
Supply voltage rejection ratio; Rg < 10 k& SVRR typ. 100 wV/V 
Equivalent input noise voltage 

Rs = 0; f = 20 Hz to 20 kHz (r.m.s. value) Vin(rms)  tYP- 3,5 uV 
Equivalent input noise current 

f = 20 Hz to 20 kHz (r.m.s. value) | In(rms) —‘tyP. 0,05 nA 
Crosstalk between a switched-on input 

and a non-switched-on input; 

measured at the output at Rs = 1 kQ; f = 1 kHz a typ. 100 dB 
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CHARACTERISTICS (continued) 
Signal amplifier 
Voltage gain of a switched-on input 
at lg =145=0;R,L = Gy typ. 1 
Current gain of a switched-on amplifier G; typ. 108 


Signal outputs 


Output resistance (pins 9 and 15) Ro typ. 400 2 
Output current capability at Vp = 6 to 23 V tlg;+lq5 _ typ. 5 mA 
Frequency limit of the output voltage 

Vi(p-p) = 1 V; Rg = 1k; Ry = 10 M&; Cy, = 10 pF f typ. 1,3 MHz 
Slew rate (unity gain); AVg.16/At; AV 45.16/At | 

Ry = 10 MQ; C; = 10 pF S typ. 2 V/ys 
Bias voltage 

typ. 11 V* 

D.C. output voltage V10-16 10.2to118 V 
Output resistance R10-16 typ. 8,2 kQ 


Switch control 


switched-on interconnected control voltages | 
ee fe V11-16 V12-16 V 13-16 
H H 


H 
H 
L 
H 
L 
H 
L 
L 


In the case of offset control, an internal blocking circuit of the switch control ensures that not more 
than one input will be switched on at a time. In that case safe switching-through is obtained at 
Vs_ S1,5 V. 


Control inputs (pins 11, 12 and 13) 
Required voltage 


HIGH VSH > 3,3 Vv ** 

LOW VSL < 2,1 V 
Input current 

HIGH (leakage current) Isy < 1 pA 

LOW (control current) —Isi < 250 vA 


* 10-16 is typically 0,5°V14.16 + 1,5°VBE- 
** Or control inputs open (R41,412 13-16 > 33 M&). 
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APPLICATION INFORMATION 


Vp = 20 V; Tamb = 25 OC; measured in Fig. 1; Rg = 47 kQ; Cj = 0,1 WF; Rpjas = 470 kQ; Ry = 4,7 kQ; 
C, = 100 pF (unless otherwise specified) 


Voltage gain Gy typ. —1,5 dB 
Output voltage variation when switching 
the inputs AV'9-16' pie ails 


AV 15-16 < 100 mV 
Total harmonic distortion 


over most of signal range (see Fig. 4) dtot typ. 0,01 % 
V;=5V;f=1 kHz dtot typ. 0,02 % 
Vj =5V; f = 20 Hz to 20 kHz dtot typ. 0,03 % 
Output signal handling 
> 5,0 V 
dtot = 0,1%; f = 1 kHz (r.m.s. value) Vo(rms) typ. 5,3 V 
Noise output voltage (unweighted) 
f = 20 Hz to 20 kHz (r.m.s. value) Vin(rms) typ. 5 wv 
Noise output voltage (weighted) 
f = 20 Hz to 20 kHz (in accordance with DIN 45405) Vi typ. 12 uV 
Amplitude response AV ; | 
V; = 5 V; f = 20 Hz to 20 kHz; C; = 0,22 uF ae 0,1 dB * 
15-16 | 


Crosstalk between a switched-on input 
and a non-switched-on input; 
measured at the output at f = 1 kHz a typ. 75 dB ** 


Crosstalk between switched-on inputs 
and the outputs of the other channels a typ. 90 dB ** 


* The lower cut-off frequency depends on values of Rpjas and Cj. 


** Depends on external circuitry and Rs. The value will be fixed mostly by capacitive crosstalk of the 
external components. 
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- TDA1029 
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Fig. 2 Equivalent input noise.current. 
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Fig. 3 Equivalent input noise voltage. 
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Fig. 4 Total harmonic distortion as a function of r.m.s. output voltage. 
—— f=1 kHz; —-—- f=20 kHz. 
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7272937 


Vp (V) 25 


102 


Vin (rms) 
(uV) 


10 


eS 
oe — tt eal (a 
aa ia eet SE mee er 
Pete CT 
a ll 


1 10 10? Rj (k®) 103 
Fig. 6 Noise output voltage as a function of input resistance; Gy = 1; f = 20 Hz to 20 kHz. 
—— Vp (output); — — — Vp, (Rs). 
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APPLICATION NOTES 
Input protection circuit and indication 


TDA1029 


. 
V 


SWITCH 
CONTROL 


wane >a 
aa 
Pain 


Y 7275943.1 
Fig. 7 Circuit diagram showing input protection and indication. 


Unused signal inputs 


Any unused inputs must be connected to a d.c. (bias) voltage, which is within the d.c. input voltage 
range; e.g. unused inputs can be connected directly to pin 10. 


Circuits with standby operation 


The control inputs (pins 11, 12 and 13) are high-ohmic at Voy < 20 V (Igy <1 uA), as well as, when 
the supply voltage (pin 14) is switched off. 
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+20V d.c. 
0,22 uF 14 
I te aft, 12 
x pin connected to OV 
RADIO 0,22 uF creme! Pea ‘4 or LOW level: 
input L Gaal none = radio 
. : 12 13 = pick-up 
God Pa 12 = tape 1 
input R ieeenet 13 11 = tape 2 
TAPE 1 
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e O a 
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820 i eee ak — ¥ L 
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R 7 Sheil 
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eee eae’ 
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z 
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& 
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Fig. 8 TDA1029 connected as a four input stereo source selector. 
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Stereo Audio Switch TDA1029 
+20V d.c. 
0,22 uF 
J, (8x) a7oKa 10 ‘ ted to OV 
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Fig. 9 TDA1029 and TDA1028 connected as a 8 16 
five input stereo source selector with monitor- 4 


ing facilities. OV or LOW = monitor on 
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tal lee 120kQ (8x) 
0,47 uF kt 
0,6 
54000] left 
33nF} 0,15 pF output 
27 kQ 27 kX 
oe TDA1029 
0,47 uF 
eral 
right O33uF 0,15uF 0,68 uF = 
inp ut 
gil) = right 
0,15 > ; 
33 nF pF at output 
i Vp 
== (+20V) 
27 kQ oF | al 
J t----- 
Y UD . 
6,8 6,8 
kQ i i KQ SWITCH 
VOLTAGE CONTROL 
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(15 V) 
\f 
OD ©) 
on / off on off 
mute t i 
rumble subsonic 
filter filter 7284185 


Fig. 10 TDA1029 connected as a third-order active high-pass filter with Butterworth response and 
component values chosen according to the method proposed by Fjallbrant. It is a four-function 
circuit which can select mute, rumble filter, subsonic filter and linear response. 

Switch control 


function 


linear 


subsonic filter ‘on’ : 
rumble filter ‘on’ xX 
mute ‘on’ ».4 
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Fig. 11 Frequency response curves for the circuit of Fig. 10. 
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GENERAL DESCRIPTION 


The TDA1074A is a monolithic integrated circuit designed for use as volume and tone control circuit 
in stereo amplifiers. This dual tandem potentiometer IC consists of two ganged pairs of electronic 
potentiometers with the eight inputs connected via impedance converters, and the four outputs driving 
individual operational amplifiers. The setting of each electronic potentiometer pair is controlled by an 
individual d.c. control voltage. The potentiometers operate by current division between the arms of 
cross-coupled long-tailed pairs. The current division factor is determined by the level and polarity of 
the d.c. control voltage with respect to an externally available reference level of half the supply voltage. 
Since the electronic potentiometers are adjusted by a d.c. control voltage, each pair can be controlled 
by single linear potentiometers which can be located in any position dictated by the equipment styling. 
Since the input and feedback impedances around the operational amplifier gain blocks are external, the 
TDA1074A can performs bass/treble and volume/loudness control. It also can be used as a low-level 
fader to control the sound distribution between the front and rear loudspeakers in car radio installations. 


Features 


@ High impedance inputs to both ‘ends’ of each electronic potentiometer 
@ Ganged potentiometers track within 0.5 dB 
@ Electronic rejection of supply ripple 
@ Internally generated reference level available externally so that the control voltage can be made to 
swing positively and negatively around a well-defined O V level 
@ The operational amplifiers have push-pull outputs for wide voltage swing and low current consumption 
The operational amplifier outputs are current limited to provide output short-circuit protection 
@ Although designed to operate from a 20 V supply (giving a maximum input and output signal level 
of 6 V), the TDA1074A can work from a supply as low as 7.5 V with reduced input and output 
signal levels 


QUICK REFERENCE DATA 


Supply voltage (pin 11) Vp typ. 20 V 
Supply current (pin 11). Ip typ. 22 mA 
Input signal voltage (r.m.s. value) | Vi(rms) max. 6 V 
Output signal voltage (r.m.s. value) Vo(rms) max. 6 V 
Total harmonic distortion THD typ. 0.05 % 
Output noise voltage (r.m.s. value) Vno(rms) typ. 50 uV 
Control range Aa typ. 110 dB 
Cross-talk attenuation (L/R) Act typ. 80 dB 
Ripple rejection (100 Hz) 2100 typ. 46 dB 
Tracking of ganged potentiometers AGy typ. 0.5 dB 
Supply voltage range Vp 7.5 to 23 V 
Operating ambient temperature range Tamb —30 to+80 °C 
PACKAGE OUTLINE 


18-lead DIL; plastic (SOT-102CS). 


September 1985 5-24 


Signetics Linear Products Product Specification 


DC Controlled Dual Potentiometers TDA1074A 


INTERNAL 
SUPPLY 


Vv, 1A V; 2A 
(Rg) (Rg) 
Vo 1A Vo 2A 
(R,) (R; ) 
V; 1B V; 2B 
(Ro) (Rg) 
V; 1B Vo 2B 
(Ry) (Ri) 
TDA1074A 
7287196 


Fig. 1. Block diagram and basic external components; |,4 (at pin 9) and I,9 (at pin 10) are control in- 
put currents; V¢q (at pin 9) and V9 (at pin 10) are control input voltages with respect to Vre¢ = Vp/2 

at pin 8; Z1 = Z2 = Z3 = Z4 = 22 kQ; the input generator resistance Rg = 60 2; the output load 
resistance R,_ = 4.7 k{2; the coupling capacitors at the inputs and outputs are Cj = 2,2 uF and Co=10uF 
respectively. $ 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 11) Vp 
Control voltages (pins 9 and 10) + Voq;+ Ve? 
Input voltage ranges (with respect to pin 18) 

at pins 3, 4,5, 6, 13, 14, 15, 16 Vj 
Total power dissipation Prot 
Storage temperature range T stg 
Operating ambient temperature range | Tamb 


THERMAL RESISTANCE 
From crystal to ambient Rth cr-a 


REMARK 


Product Specification 


TDA1074A 
max. 23 V 
max. 1V 
Oto Vp V 


max. 800 mW 
—55 to+ 150 °C 
—30 to + 80 9C 


= 80 K/W 


The difference between the TDA1074 and its successor the TDA1074A is shown in Fig. 2 as the 


different component configuration at pin 8. 


TDA1074 TDA1074A 


8 


100 nF 
| 7287192 


Fig. 2 Component configuration at pin 8 showing the 
difference between the TDA1074 and the TDA1074A. 
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APPLICATION INFORMATION 

Treble and bass control circuit 

Vp = 20 V; Tamb = 25 OC; measured in Fig. 3; Rg = 60 2; RL > 4.7 kQ; Cy < 30 pF; f = 1 kHz; with 
a linear frequency response (V,1 = Veg = 0 V); unless otherwise specified 


a oe 


Supply current (without load) 


Frequency response (—1 dB) 
Ve1 = Ve2 = OV 

Voltage gain at linear frequency 
response (V.1 = Vo2 = 0 V) 


Gain variation at f = 1 kHz 
at maximum bass/treble boost or 
cutat + V,.q =+ Veg = 120 mV 


Bass boost at 40 Hz (ref. 1 kHz) 
Ve2 = 120 mV 

Bass cut at 40 Hz (ref. 1 KHz) 
—Ve2 = 120 mV 


Treble boost at 16 kHz (ref. 1 kHz) 
Vet = 120 mV 


Treble cut at 16 kHz (ref. 1 kHz) 


Total harmonic distortion 
at Vo(rms) = 300 mV 
f = 1 kHz (measured selectively) 


f = 20 Hz to 20 kHz 
f =1kHz 
f = 20 Hz to 20 kHz 


Signal level at THD = 0.7% 
(input and output) 


THD 
THD 


THD 
THD 


Vi: o(rms) 

Power bandwidth at reference 
level Vo(rms) = 5 V (—3 dB); 
THD =0.1% 


Output noise voltages 
signal plus noise (r.m.s. value); 
f = 20 Hz to 20 kHz 


noise (peak value); weighted to 
DIN 45 405; CCITT filter 


Vno(rms) 


Vno(m) 


Gy = V0/Vj- 
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Treble and bass control circuit 


ee Ce ee 


Cross-talk attenuation (stereo) | 

f=1kHz Qct 86 dB 

f = 20 Hz to 20 kHz Qet 80 dB 
Control voltage cross-talk to 

the outputs at f = 1 kHz; 

Vet(rms) = Ve2(rms) = 1 mV Act 20 dB 
Ripple rejection at f = 100 Hz; 


Vp (+20V 
‘ p (+20V) 


treble bass 


— 68 K 68 K — 


100 nF 


Pao 
Toe Fade” 
ial ; 
lie 


1A: treble (left) 
1B : treble (right) 
2A : bass (left) 
2B : bass (right) 


V7 Hee 
ia V/ 


15 outputs to 


power 
amplifier 
180 K 
RL 247K 
17 + R 
V, 2B 
12 22uF “o 
K | 33 
nF 


(4V) 7287195 


Fig. 3 Application diagram for treble and bass control. 


TDA1074A 
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TDA1074A 


7287185 


Pelee 


£ (Hz) 104 


Fig. 4 Frequency response curves; voltage gain (treble and bass) as a function of frequency. 
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Fig. 5 Control curve; voltage 
gain (bass) as a function of 
the control voltage (V.9); 

f = 40 Hz. 
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Fig. 6 Control curve; voltage 
gain (treble) as a function of 
the control voltage (V4); 

f = 16 kHz. 
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Fig. 7 Voltage gain (Gy = V)/V;) control curves as a function of the angle of rotation (a) of a linear 
potentiometer (R); for curve numbers see table above: f = 40 Hz to 16 kHz. 


TDA1074A 
(V*=20V) 
+ 


10 (9) 8 


= 2 Fig. 8 Circuit diagram for 


measuring curves in Fig. 7. 
7Z284088.1 


7287188 


vty) 30 


Fig. 9 Output signal level as a function of Vp; 
THD = 0.7%; f = 1 kHz; Vgq = Veg =O V. 
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APPLICATION INFORMATION (continued) 
0.2 


7287189 


nas wy 
Fig. 10 Total harmonic distortion as a function of the output level; Vp = 20 V; Ry. = 4.7 kQ,; 
Ve1 = Vez =0 V (linear, Gy tot = 1). f = 1 kHz; — — — — f = 20 kHz. 
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Fig. 11 Power bandwidth at THD = 0.1%; reference level is 5 V (r.m.s.). 
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Fig. 12 Cross-talk as a function of frequency; linear anes setting (Voy = Vo =O V); Vj =5V; 
Rg = 60 2; Ry = 4.7 kQ. 
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Application recommendations 

1. If one or more electronic potentiometers in an IC are not used, the following is recommended: 

a. Unused signal inputs of an electronic potentiometer should be connected to the associated output, 
e.g. pins 3 and 4 to pin 2. 
Unused control voltage inputs should be connected directly to pin 8 (V-e¢). 


2. Where more than one TDA1074A IC are used in an application, pins 1 can be connected together; 
however, pins 8(V;-e¢) may not be connected together directly. 


3. Additional circuitry for limiting the frequency response in the ultrasonic range. 


from pin 
7 (12) 


ng 


4 (15) 


TDA1074A 


2 (17) output 


3 (16) 


7287193 


(1) f_3 gp = 110 kHz at linear setting 
Fig. 13 Circuit diagram for frequency response limiting. 


4. Alternative circuitry for limiting the gain of the treble control circuit in the ultrasonic range. 


to pin 
4 (15) 
5 (14) 
TDA1074A 
7 (12) 
6 (13) 


7287194 


For Rs1 = Rs2 = 3.3 kQ; f_3 gp = 1 MHz at linear setting 
For Rg1 = Rsg = 0 82; f_3 gp = 100 kHz at linear setting 


Fig. 14 Circuit diagram for limiting gain of treble control circuit. 
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GENERAL DESCRIPTION 
The TDA1522 is a playback amplifier for car radio/cassette players. 


Features 


Two independent amplifiers with open loop gain of typ. 90 dB 

Internal d.c. feedback via a 140 kQ resistor from output to feedback point 
A.C, characteristics that can be determined externally by an RC network 
Electronic on/off switching with transient suppression for switch on 
Head input at d.c. ground that eliminates the input coupling capacitor 
Minimal external component requirement 

Stability down to a gain of 30 dB 

Low input noise 

Low distortion 

D.C. input current <2 yA 

Wide supply voltage range 


QUICK REFERENCE DATA 


Supply voltage range (pin 8) Vp 
Supply current (pin 8) Ip 
Operating ambient temperature range Tamb 
Total harmonic distortion THD 
Channel separation at Rs = 10 kQ; Lg = 0 a 


PACKAGE OUTLINE 
9-lead SIL; plastic (SOT-142). 


TDA1522 
7.5to 23 V 
typ. 5 mA 
—30 to +85 OC 
typ. 0.05 % 
min. 45 dB 
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R102 R101 C101 
8.2 5.6K 22nF 
Pl C102 


TDA1522 


feedback 1 
140K 


: C 
1 4°! output 1 
Vol 
4 
5 10 uF 
cy 4.7K 


SUPPLY 
& — 
MUTE 
— 
Bl 4e2 output 2 
Vo2 
7 
MUTEO | 10 uF 
| Ri2 
4.7K 
R202 
+{ _ 8.2 9.6K 22nF 
C202 
ere 
= Ve 7280260 


Fig. 1 Block diagram with external components; also used as test circuit. 
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9 TDAI522 1 


7Z80266 


Fig. 2 Printed-circuit board component side, showing component layout for circuit of Figure 1. 


7280265 


Fig. 3 Printed-circuit board, showing track side. Dimensions 75 mm x 65 mm. 
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RATINGS 


Product Specification 


TDA1522 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage range (pin 8) 

Power dissipation 

Feedback current (pins 3 and 7) 
Storage temperature range 

Operating ambient temperature range 


Note 


Vp 7.5 to 23 V 
Prot max. 800 mW 
lth max. 10 mA 
Tamb —30 to +85 °C 


All pins except 3 and 7 (feedback) can be connected to Vp (pin 8) or ground, (pin 5). 


CHARACTERISTICS 


parameter 


Supply (pin 8) 
Supply voltage range 
Supply current 


Inputs (pin 4 or 6) 


Noise input voltage (unweighted; r.m.s. value) 


at f = 20 Hz to 20 kHz* 


Noise input voltage 
at Rs = 0; f = 1 kHz*, ** 


Noise input current 
at f= 1kHz*, 4 


D.C. input current 
at pins 4 and 6 


Outputs (pin 1 or 9) 


Output voltage 
at Vj = 0.3 mV; f = 315 Hz 


at THD= 1%: f = 1 kHz 


Output source current 
at V9.5 2 7.5 V; mute OFF 


D.C. output voltage 


_ Noise output voltage (weighted) 
at Rs = 300 2; Ls = 80 mH 


as DIN A (r.m.s. value) 


as CCITT (peak value) 
as CCIR (peak value) 


Noise output voltage (unweighted) 
at Rg = 300 82; Ls = 80 mH 


as DIN 45405 (peak value) 


* Measured in Fig. 4. ** See also Fig. 6. 


September 1985 


Vp = 8.5 V; Tamb = 25 °C; test circuit Fig. 1 unless otherwise specified 


et [nn [wm [me [one 


Vin(m) 


4 See also Fig. 7. 
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parameter symbol min. 


Mute on/off characteristics (pin 2)* 


Mute ON voltage 
at mute switch closed 


Mute ON current 
at mute switch closed or V9.5 =0V 


Mute OFF voltage 
at mute switch open 


impedance 


Input impedance** 
at f=1kHz 


Output impedance* * 
at f= 1 kHz 


General 
Internal feedback resistor* * 


Open-loop voltage gain** 
at f = 315 Hz 


Channel separation 
at Rs = 10 k&2; Ls = 0; (note 1) 


Power supply ripple rejection 
at Vp(rms) = 0.1 V; f = 100 Hz (note 2) 


Total harmonic distortion 
at f= 1 kHz; Vg = 0.72 V (note 3) 


Notes 


1. Frequency range 300 Hz to 20 kHz. 
2. Referred to the input. 
3. Measured selective. 


* See also Fig. 5. 
** Applies to each amplifier. 
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Cassette Preamplifier TDA1522 
R102 R101 C101, 
a3 09 eevee 
TDA1522 
feedback 1 
140 
1 el output 1 
| Vo4 
Vi7.O 5 10 uF 
Ri 
= 4.7K 
8 
Vi2C 


et ioe output 2 


Vo2 
10 uF 
Ri2 
4.7K 


R202 


8.2 
C202 


+ * 
1000 pF 
O 


= V+ 
Fig. 4 Test circuit for noise measurement. 


7280258 


7280261 
0 


Vo.5 (V) 
Fig. 5 Muting depth as a function of control voltage at pin 2. 
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Fig. 7 Noise input current as a function of frequency. 


20 7280263 


ee a ea ee a ee ee el 
(a ee a ee ee 
TE 
eT TE pT 
a a a a ee 
CEE Ee 
Re eRe a ee ee 
PT a a ee 


10 107 103 104 f (Hz) 10° 
Fig. 8 Frequency response curve for the circuit in Figure 1. 
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APPLICATION INFORMATION 


R102 R101 C101 
* | C102 
ae TDA1522 
feedback 1 
140K 
3 
1 (re output 1 
Volt 
10 juF 
| 2 Ri 
ieee SUPPLY | 
& — 
a 
| hey: output 2 
Rim Vo2 
0 10 uF 
J 150K |, Ri? 
MUTE 4.7K 
SWITCH ral TOK 
1 _L feedback 2 a 
R202 
8.2 5.6K 22nF 
C202 
| 220\F 
0 7280257 


Fig. 9 Simple mute application. 
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1N4148 


(1 
NS 


5.6K 22nF 


F 
C10 
oe TDA1522 
| ie feedback 1 
1 140K 
3 
a 57 output 1 
4 Vo4 
5 10 uF e 
L1 
ces SUPPLY 
& — 
MUTE 
‘ 
Ge ,fc2 output 2 
68K 7 Vo2 
O 10 uF 
O 68k ‘| + RL2 
MUTE 4.7K 
eWNEe 2.2uF] ThOK 
1 ue feedback 2 4 
R202 R201 C201 
+ 
C202 1N4148 
220uF 
a 7Z280259.1 


Fig. 10 Application for plop-free muting. 


5-41 September 1985 


Signetics Linear Products 


Product Specification 


Stereo Audio Control 


—TDA1824A 


GENERAL DESCRIPTION 


The device is designed as an active stereo-tone/volume control for car radios, TV receivers and mains-fed 
equipment. It includes functions for bass and treble control, volume control with built-in contour (can 
be switched off) and balance. All these functions can be controlled by d.c. voltages or by single linear 


potentiometers. 


Features 


@ Few external components necessary 

@ Low noise due to internal gain 

@ Bass emphasis can be increased by a double-pole low-pass filter 
@ Wide power supply voltage range 


QUICK REFERENCE DATA 


Supply voltage (pin 3) 
Supply current (pin 3) 


Maximum input signal with 
d.c. feedback (r.m.s. value) 


Maximum output signal with 
d.c. feedback (r.m.s. value) 


Volume control range 

Bass control range at 40 Hz 
Treble control range at 16 kHz 
Total harmonic distortion 


Output noise voltage (unweighted; r.m.s. value) 
at f = 20 Hz to 20 kHz; Vp = 12 V; 
for max. voltage gain 
for voltage gain Gy = —40 dB 
Channel separation 
at Gy = —20 to + 21.5 dB 
Tracking between channels 
at Gy = —20 to + 26 dB 


Ripple rejection at 100 Hz 


Vp = V3-18 
Ip=13 


Vi(rms) 


Vno(rms) 
Vno(rms) 


Ocs 


typ. 12 V 


typ. 35 mA 
typ. 2.5 V 
typ. 3 V 


—80 to + 21.5 dB 
typ. +15 dB 
typ. +15 dB 


typ. 0.3 % 
typ. 310 uV 
typ. 100 pV 
typ 60 dB 
max 2.5 dB 
typ 50 dB 


Supply voltage range (pin 3) 
Operating ambient temperature range 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT-102CS). 
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Vp = V3.18 
Tamb 


7.5 to 16.5 V 
—30 to +80 °C 


CVv-G 


G86 Jequuaj}des 
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output R, 2 
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as cael 2 ve 
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56 nF = | 220nF 100 uF 
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14 13 12 1 3 2 
VOLUME BASS & TREBLE 
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CONVERTER 
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TREBLE 
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VOLTAGE 
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(1) Series resistor is recommended in the event of the capacitive loads exceeding 200 pF. 


Fig. 1 Block diagram and application circuit with single-pole filter. 
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TDA1524A 
5 (14) 6 (13) 7 (12) 


TDA1524A 


5(14) 6 (13) 


15 nF 2.2 uF 
in a: 


7Z87200A 

= 7Z87199A 
Fig. 2 Double-pole low-pass filter Fig. 3 D.C. feedback with filter network 
for improved bass-boost. for improved signal handling. 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 3) Vp=V3.1g8 max. 20 V 
Total power dissipation Prot max. 1200 mW 
Storage temperature range Tstg —55 to + 150 °C 
Operating ambient temperature range Tamb —30to +80 °C 
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D.C. CHARACTERISTICS 
Vp = V3.18 = 12 V; Tamb = 25 OC; measured in Fig. 1; RG <600 22; Ry + 4.7 kQ; CL < 200 pF; 
unless otherwise specified 


ee ce 


Supply (pin 3) 
Supply voltage 


Supply current 
at Vp = 8.5 V 
at Vp = 12 V 
at Vp = 15 V 


D.C. input levels (pins 4 and 15) 
at Vp = 8.5 V 
at Vp = 12 V 
at Vp = 15 V 


D.C. output levels (pins 8 and 11) 
under all control voltage conditions 
with d.c. feedback (Fig. 3) 

at Vp = 8.5 V 

at Vp =12 V 

at Vp = 15 V 


<= 


Vg 11-18 
V811-18 


<<< 


Pin 17 


Internal potentiometer supply voltage 
at Vp = 8.5 V 


Contour on/off switch (control by 147) 
contour (switch open ) 
linear (switch closed) 


mA 
mA 


Application without internal potentiometer 
supply voltage at Vp = 10.8 V 
(contour cannot be switched off) 


Voltage range forced to pin 17 


D.C. control voltage range for volume, 
bass, treble and balance 
(pins 1, 9, 10 and 16 respectively) 
at V17-18=5 V 
using internal supply 


V1,9,10,16 
V1.9,10,16 


Input current of control inputs 
(pins 1, 9, 10 and 16) 


—!19 10,16 
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A.C. CHARACTERISTICS 


Vp = V3.18 = 8.5 V; Tamb = 25 OC; measured in Fig. 1; contour switch closed (linear position); 
volume, balance, bass, and treble controls in mid-position; Rg < 600 2; Ry = 4.7 kQ; CL < 200 pF; 
f = 1 kHz; unless otherwise specified 


Control range 

Max. gain of volume (Fig. 5) Gy max 20.5 | 21.5 23 dB 
Volume control range; Gy max/Gy min AGy 90 100 — dB 
Balance control range; Gy = 0 dB (Fig. 6) AGy — —40 — dB 
Bass control range at 40 Hz (Fig. 7) AGy +12 +15 dB 
Treble control range at 16 kHz (Fig. 8) AGy £12 +15 dB 
Contour characteristics see Figs 9 and 10 


Signal inputs, outputs 


Input resistance; pins 4 and 15 (note 1) 
at gain of volume control: Gy = 20 dB Ri4,15 10 — — kQ 
Gy = —40 dB Ri4,15 — 160 — kQ 


Output resistance (pins 8 and 11) 


Signal processing 
Power supply ripple rejection 

at Vp(rms) < 200 mV; f = 100 Hz; Gy = 0 dB RR 35 50 — dB 
Channel separation (250 Hz to 10 kHz) 
at Gy = —20 to + 21.5 dB Qos 46 60 — dB 


Spread of volume control with 
constant control voltage V1.4g = 0.5 V17-18 AGy a =_ +3 dB 


Gain tolerance between left and right 
channel V46.18 = V1-18 = 0.5 V17.18 AGy L-R —_ — 1.5 dB 


Tracking between channels 

for Gy = 21.5 to —26 dB 

f = 250 Hz to 6.3 kHz; balance adjusted at 
Gy = 10 dB 
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TDA1824A 


A.C. CHARACTERISTICS (continued) 


renee emit [in [vm [mm [on 


Signal handling with d.c. feedback (Fig. 3) 


Input signal handling 

at Vp = 8.5 V; THD = 0,5%; 

f = 1 kHz (r.m.s. value) 

at Vp = 8.5 V; THD = 0.7%; 

f = 1 kHz (r.m.s. value) 

at Vp = 12 V; THD = 0.5%; 

f = 40 Hz to 16 kHz (r.m.s. value) 
at Vp = 12 V; THD = 0.7%; 

f = 40 Hz to 16 kHz (r.m.s. value) 
at Vp = 15 V; THD = 0.5%; 

f = 40 Hz to 16 kHz (r.m.s. value) 
at Vp = 15 V; THD = 0.7%; 

f = 40 Hz to 16 kHz (r.m.s. value) 

Output signal handling (note 2 and note 3) 

at Vp = 8.5 V; THD = 0.5%; 

f = 1 kHz (r.m.s. value) 

at Vp = 8,5 V; THD = 10%; 

f = 1 kHz (r.m.s. value) 

at Vp = 12 V; THD = 0,5%; 

f = 40 Hz to 16 kHz (r.m.s. value) 
at Vp = 15 V; THD = 0.5%; 

f = 40 Hz to 16 kHz (r.m.s. value) 


Noise performance (Vp = 8.5 V) 


Output noise voltage (unweighted; Fig. 15) 
at f = 20 Hz to 20 kHz (r.m.s. value) 
for maximum voltage gain (note 4) 
for Gy = —3 dB (note 4) 


Output noise voltage; weighted as DIN 45405 
of 1981, CCIR recommendation 468-2 (peak value) 
for maximum voltage gain (note 4) 
for maximum emphasis of bass and treble 
(contour off; G, = —40 dB) 


Noise performance (Vp = 12 V) 


Output noise voltage (unweighted; Fig. 15) 
at f = 20 Hz to 20 kHz (r.m.s. value; note 5) 
for maximum voltage gain (note 4) 
for Gy = —16 dB (note 4) 
Output noise voltage; weighted as DIN 45405 
of 1981, CCIR recommendation 468-2 (peak value) 
for maximum voltage gain (note 4) 


for maximum emphasis of bass and treble 
(contour off; G, = —40 dB) 
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Vno(m) 


Vno(m) 


Vno(rms) 
no(rms) 


Vno(m) 


Vno(m) 
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parameter 


Noise performance (Vp = 15 V) 


Output noise voltage (unweighted; Fig. 15) 
at f = 20 Hz to 20 kHz (r.m.s. value; note 5) 
for maximum voltage gain (note 4) Vno(rms) 
for Gy = 16 dB (note 4) Vno(rms) 


Output noise voltage; weighted as DIN 45405 
of 1981, CCIR recommendation 468-2 (peak value) 
for maximum voltage gain (note 4) 
for maximum emphasis of bass and treble 
(contour off; Gy = —40 dB) 


Vino(m) 


Vno(m) 


Notes to characteristics 
1. Equation for input resistance (see also Fig. 4) 
160 kQ | 
1+ 1+Gy 


2. Frequencies below 200 Hz and above 5 kHz have reduced voltage swing, the reduction at 40 Hz and 
at 16 kHz is 30%. | 


3. In the event of bass boosting the output signal handling is reduced. The reduction is 1 dB for 
maximum bass boost. 


Rj = ; Gy max a 12. 


4. Linear frequency response. 
5. For peak values add 4.5 dB to r.m.s. values. 


7286926 


200 


PEPER 
Zee SERRE 


—60 —40 —20 0 20 40 


Fig. 4 Input resistance (Rj) as a function of gain of volume control (Gy). Measured in Fig. 1. 
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V1~18'V) 
Fig. 5 Volume control curve; voltage gain (Gy) Fig. 6 Balance control curve; voltage gain (Gy) 
as a function of control voltage (V4.4). as a function of control voltage (V 46.79). 
Measured in Fig. 1 (internal potentiometer supply | Measured in Fig. 1 (internal potentiometer supply 
from pin 17 used); Vp = 8.5 V; f = 1 kHz. from pin 17 used); Vp = 8.5 V. 
7286923 


Vio-18 (V) 
Fig. 7 Bass control curve; voltage gain (Gy) Fig. 8 Treble control curve; voltage gain (Gy) 
as a function of control voltage (V9.7). as a function of control voltage (V 70.19). 
Measured in Fig. 1 with single-pole filter Measured in Fig. 1 (internal potentiometer supply 


(internal potentiometer supply from pin 17 used); from pin 17 used); Vp = 8.5 V; f = 16 kHz. 
Vp =8.5 V; f = 40 Hz. 
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7290390 


10 103 104 f (Hz) 105 


Fig. 9 Contour frequency response curves; voltage gain (Gy) as a function of audio input frequency. 
Measured in Fig. 1 with single-pole filter; Vp = 8.5 V. 


7Z90391 


10 102 103 104 f (Hz) 105 


Fig. 10 Contour frequency response curves; voltage gain (Gy) as a function of audio input frequency. 
Measured in Fig. 1 with double-pole filter; Vp = 8.5 V. 


7286920 
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Fig. 11 Tone control frequency response curves; voltage gain (Gy) as a function of audio input 
frequency. Measured in Fig. 1 with single-pole filter; Vp = 8.5 V. 
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7286919 


10 102 103 104 f (Hz) 10° 


Fig. 12 Tone control frequency response curves; voltage gain (Gy) as a function of audio input 
frequency. Measured in Fig. 1 with double-pole filter; Vp = 8.5 V. 
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Fig. 13 Total harmonic distortion (THD); as a function of audio input frequency. Measured in Fig. 1; 
Vp = 8.5 V; volume control voltage gain at 


Vo 
Gy = 20 log — = OB. 
Vi 
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7286915 


(%) 


0.2 


0. 0.5 1.0 15. Vy (V) 2.0 


Fig. 14 Total harmonic distortion (THD); as a function of output voltage (Vo). Measured in Fig. 1: 
Vp = 8.5 V; fj = 1 kHz. 


350 7286921 


Vno(rms) 
(uV) 


(1) Vp = 15 V. 
(2) Vp = 12 V. 
(3) Vp = 8.5 V. 


Fig. 15 Noise output voltage (Vno(rms); unweighted); as a function of voltage gain (Gy). Measured in 
Fig. 1; f = 20 Hz to 20 kHz. 
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GENERAL DESCRIPTION 
The TDA1578A is a PLL stereo decoder based on the time-division multiplex principle. 
Features 


@ adjustable input and output voltage levels 

@ automatic mono/stereo switching with hysteresis, controlled by both pilot signal and field strength 
level 

analogue control of mono/stereo change over 

pilot indicator driver 

analogue muting control 

muting indicator driver 

oscillator with decoupled frequency measurement output 

electronic smoothing of the supply voltage 


QUICK REFERENCE DATA 


Measured with a frequency deviation Af = + 75 kHz without pilot; f,, = 1 kHz 


Supply voltage (pin 8) Vp = V8.7 typ. 
Supply current (pin 8) Ip=lg typ. 
Multiplex input signal (adjustable) VMUX(p-p) typ. 0,5 1V 
Input resistance (adjustable) Rj typ. 47 kQ 
A.F. output voltage (R = 15 kQ) Vo typ. 0,75 | 1,5 V 
Output resistance Ro low-ohmic 
Spread in gain AGy < 1 dB 
Channel separation a typ. 50 dB 
Total harmonic distortion THD < 03 | 0,1 % 
Signal-to-noise ratio S/N typ. 90 dB 
Carrier and harmonic suppression 
pilot signal; = 19 kHz a419 typ. 32 dB 
subcarrier; f = 38 kHz a39 typ. 50 8dB 
f = 57 kHz O67 typ. 46 dB 
f = 76 kHz A76 typ. 60 dB 
traffic radio (V.W.F.); f =57 kHz &57(VWF) typ. 70 ~=dB 
SCA (Subsidiary Communications 
Authorization); f = 67 kHz G7 typ. 70 dB 
ACI (Adjacent Channel 
Interference) ; f = 114 kHz 114 typ. 80 dB 
intermodulation; f = 10/13 kHz aD, 3 typ. 70 dB 
Supply voltage range (pin 8) Vp = Vg.7 7,5 to 18 V 
Operating ambient temperature range Tamb —30to+80 °C 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT-102HE). 


5-53 September 1985 


S86 Jequia}deg 


vS-G 


+ do 
6 

Vi ie 
1 pF 
1V (0,5 V) 


TDA1578A 


0,22 pF 


MUX 


7 77 Ff im |" (22) 
0,33 (0, 15) 
[or 33 (18) a8 %) 


pee ee ish ila eee FILTER 


a oe 


PHASE 
DETECTOR 
fosc 


DIVIDER 


38 kHz/19 kHz 


PILOT 
PRESENCE 
DETECTOR 
P pil 


OSCILLATOR 
76 kHz 
DIVIDER 
76 kHz/38 kHz 


SCHMITT 
TRIGGER 


be re 


(2 a) 


INDICATOR 


1 
OoH4 i 6802 
47kQ | 47k2 


— 47 pF 
+ Vp = 15 V (8,5 V) 
O 


V1 = 1/2 Vp — 1,5 Vee 
Va = 1/2 Vp + Vee 
V3=Vp—3Vpe 

V4 = 8,3 Vpg =5,6V 


POWER 
SUPPLY 


MONO/STEREO 
SWITCH 


PILOT 


MUTE 
INDICATOR 
rece i DRIVER 


ZA Y 7284700.1 


+ fose f 


O e@ © ) 
Veu/s Vref. V mute Vp = 15V 
(0 to +4V) 


Fig. 1 Block diagram with external components; used as test circuit. Values given in parentheses are for Vp = 8,5 V. 
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PLL Stereo Decoder 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 8) Vp = V8.7 
Input voltages (pins 3, 4 and 5) | V3:4:5-7 
Indicator driver output voltage V1:2-7 
Indicator driver output current Iq;lo 
Total power dissipation at Tamb = 25 °C Prot 
Storage temperature range T stg 
Operating ambient temperature range Tamb 


THERMAL RESISTANCE 
From crystal to ambient Rthc-a 


5-55 


max. 


max. 
max. 
max. 


Product Specification 


TDA1578A 


20 V 
Oto12 V 
24 V 
30 mA 
1,2 W 


—55 to+ 150 °C 
—30 to + 80 °C 


80 K/W 
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CHARACTERISTICS (measured in Fig. 1) 

Input signal: m = 100% (Af = + 75 kHz); pilot signal: m = 9% (Af = + 6,75 kHz); 
modulation frequency: 1 kHz; V3.5 = V4.5 =0V; 

de-emphasizing time: T = 50 us; oscillator adjusted to fog, at a pilot voltage Vj =0 V; 
Tamb = 25 °C; unless otherwise specified 


(V) 


Supply voltage range (pin 8) 


Supply current (except M4 
output and indicator) pin 8 Ip 


Nominal multiplex input 
voltage (peak-to-peak value) | 8, VMUX(p-p) 
Rj = 47 k& VMUX(p-p) 
Overdrive reserve of input 
at THD = 1% 
at THD =0,3 % 
A.F. output voltage (r.m.s. 
value; mono without pilot) 
R15-18 = 216-17 = 15 kQ Vo(rms) 
Vo(rms) 
R15-18 = R16-17 = 24 kQ Vo(rms) 
Vo(rms) 
Overdrive reserve of output 
R15-18 = R16-17 = 24 kQ 
Spread in output voltage 
levels + AVo/Vo 
Difference of output voltage 
levels + AV15.16/Vo 


Output resistance 


Available output current 
pins 15 and 16 


Modulation range at output 
(unloaded) V15:16-7 


Internal current limiting lo 


D.C. output voltage V15:16-7 
R15-18 = R16-17 = 24 k& V15;16-7 

D.C. current —117-18 
(pins 17 and 18) —117:18 


*Vp=8,5o0r15V. 
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parameter 


Channel separation 
at V4.5 =O0V 


Total harmonic distortion 


Signal-to-noise ratio 
f = 20 Hz to 16 kHz 


Carrier and harmonic 
suppression at the output 


pilot signal; f = 19 kHz 
subcarrier; f =38 kHz 


f = 57 kHz 
f = 76 kHz 
intermodulation (note 1) 
fry = 10 kHz; 


spurious signal fs = 1 kHz 
PLL-filter Fig. 1 
PLL-filter Fig. 2 
— fm = 13 kHz; 
spurious signal fs = 1 kHz 
traffic radio (V.W.F.); 
f = 57 kHz (note 2) 
SCA (Subsidiary Communi- 
cations Authorization); 
f = 67 kHz (note 4) 
ACI (Adjacent Channel 
Interference) (note 3); 
f=114 kHz 
f = 190 kHz 
Ripple rejection at the 
output; f = 100 Hz; 
VP(rms) = 100 mV (pin 8) 
Voltage on filter capacitor 
without external load 


Source resistance 


*“Vp=8,5o0ri15V. 


32 

39 

40 
O57 (VWF) jis 
O67 == 
114 = 
190 = 
RR100 40 
V9.7 = 
Rg.g 6 
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CHARACTERISTICS (continued) 


parameter Vp 


Mono/stereo control 


Pilot threshold voltages 
(peak-to-peak values) 


for stereo ‘ON’ 8,5 
15 
for mono ‘ON’ 8,5 
15 


Switch hysteresis 
Vi ON/Vi OFF 
Switching time 
at C44.7 = 0,22 uF 
for stereo ‘ON’ - 
for mono ‘ON’ m 


External mono/stereo control 
(see Fig. 12 and note 5) 


Switching voltage for 8,5 
external mono control 15 


Control voltage for channel 


separation: a= 6 dB 8,5 
15 

a= 26 dB 8,5 

15 

Control voltage 

for mono ‘ON’ 8,5 
15 

for stereo ‘ON’ 8,5 
15 


Control voltage difference 
for a = 6 dB; stereo ‘ON’ 8,5 


* Vp =8,5 or 15 V. 
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Muting circuit 
(see Fig. 13 and note 5) 


Control voltage for an 
attenuation: wa =3dB 


Attenuation 
with V3.5 =0 V 
with —V3.5 = 450 mV 


LED driver output current at an 
attenuation: a=3dB i 14 


Control voltage —V3.5 
for 14 = 200 vA —V3.5 


Control inputs 
Recommended voltage range V3:4:5-7 


Input bias current I3-4-5 


Indicator driver 


Output saturation voltages 


at lo = 20 mA V2-7sat 


Output leakage current 
at V1:9-7=24V I1:9 


*“Vp=8,5or15V. 
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CHARACTERISTICS (continued) 


parameter Vp symbol typ. max. unit 
, (V) 
VCO 


Oscillator frequency 
adjustable with R79.7 fosc kHz 


Spread of free-running 
frequency at nominal 
external circuitry 


Free-running frequency 
dependency (note 6) 


with temperature 


with supply voltage 


Capture and holding range 
for a pilot input voltage 
Vpil = 9,5 x Vpil nom 


PLL control slope (total) 


D.C. voltage at pin 10 


Frequency measuring point; 
internal switching threshold 


or: 


Output voltage (peak-to-peak 
value) at pin 4; R = 4,7 kQ 


Output resistance 


V4-7(p-p) 
R4-7 


*Vp=8,5 or 15 V. 
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Notes to the characteristics 
1. Intermodulation suppression (BFC: Beat-Frequency Components) 


Vale; (at 1 kHz) 
_ Yo(signal) ;f, = (2 x 10 kHz) — 19 kHz 


ag = 
Vo(spurious) (at 1 kHz) 


Voli (at 1 kHz) 
og = —olsignal) ern st, = (3.x 13 kHz) — 38 kHz 
Vo(spurious) (at 1 kHz) 
measured with: 91% mono signal; f,, = 10 or 13 kHz; 9% pilot signal. 
2. Traffic radio (V.W.F.) suppression 
_ Vo(signal) (at 1 kHz) 
&57(VWF) "Rp Ee Ese OO LIEN 
o(spurious) (at 1 KHz + 23 kHz) 


measured with: 91% stereo signal; f,, = 1 kKHz;9% pilot signal; 
5% traffic subcarrier (f = 57 Hz, f,, = 23 Hz AM, m = 60%). 


3. ACI (Adjacent Channel Interference) 
Vo (signal) (at 1 kHz) | 
Vo(spurious) (at 4kHz)’ 


Q114 fs = 110 kHz — (3 x 38 kHz) 
Vo(signal) (at 1 kHz) 


&190 =! fg = 186 KHz — (5 x 38 KHZ) 
Vo(spurious) (at 4kHz)’ ° 


measured with: 90% mono signal; fp, = 1 kHz; 9% pilot signal; 
1% spurious signal (f, = 110 or 186 kHz, unmodulated). 


4. SCA (Subsidiary Communications Authorization) 
Vo(signal) (at 1 kHz) 


Qa67 = 


ere * fe = (2 x 38 kHz} — 67 kHz 
Vo(spurious) (at 9 kHz)’ ° 


measured with: 81% mono signal; f,, = 1 KHz; 9% pilot signal ; 
10% SCA-subcarrier (f; = 67 kHz, unmodulated). 


5. Assuming V7 = _ = 28,6 mV at Tj = 330 K. 


6. The effects of external components are not taken into account. 
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APPLICATION NOTES 
1. When mono/stereo control and muting control are not used, pins 3, 4 and 5 have to be grounded. 
2. In a receiver, channel separation adjustment can be obtained by: 


a. A capacitor at pin 12 (C19.7): phasing 19/38 kHz 
b. RC or LCR filter at the input: frequency response compensation (VG = f (w)) 
c. Feeding the output signals of the output amplifier to the inputs of the other channel. 


3. PLL-filter for reduced intermodulation (a); see Fig. 2. 
4, External mono ‘ON’ switch; see Fig. 3. 
5. Switching ‘OFF’ the oscillator; see Fig. 4. 


7284698. 1 


7284697 


Fig. 2 PLL-filter for ay = 70 dB at Vp=15V Fig. 3 (a) At pin 4; -V4.5 > 300 mV; 
(see also Fig. 1). (b) at pin 14. 


Vp = 15V (8,5V) 
O 
al { 7Z84699 


Fig. 4 The oscillator is switched-off when: 
ID > 100 pA (> 50 WA for Vp = 8,5 V) and Ip <1 MA. 
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CCC 
COE 
Beane ek ae 
Saence0 400 
COPE 
COCO 
Sceer anew 
Sane 4nnen 


16(p-p) 
(uA) 


20 


Fig. 5 Signal handling range at the input for Fig. 6 Supply current comsumption at 
IGnom (+ 75 kHz); Vg.7 = Vp. V9.7 = Vp. 


7280327 
7280332 
100 


ETT T TTT TILL LL 
Tre TET EEL EL 
tpt ttt PTET rel 
Os a OD a 

it 


—147-18 
(MA) 


50 


Sac eeee ees 
Mell ico tel ne le 
Peete) he 
Dd I Ee 
See eee eee 


0 
0 50 
10 Vp (V) 20 


I (uA) 
(+75kHz) 6 (p-pl'™ 


Fig. 8 Total harmonic distortion (THD) as a 
function of the peak-to-peak input current at 
pin 6; Vp = 15 V; frm = 1 KHz; 

V3.5 =V45=0V. 


Fig. 7 D.C. current in the feedback loop of 
the output amplifier. 


7280323 
wo LEME LTT 
LL ELLEN LTH 
: iat HLT 

vn i | 
pte 
1 1 


fm (kHz) 10 


W 


“he 


0.1 

Fig.9 Total harmonic distortion (THD) as a 
function of the modulation frequency (frp) ; 
Vp=15V; l6(p-p) = 21,5 yA. 

mono 

——-—-— stereo; L = —R;91% + 9% pilot signal. 
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| lly ACH FLT 
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ATT ELT TT pe a a 
ee a ll 
a 
LT ETE ET 
| 
a ll 0 
0,01 0,1 1 fatkHz) 10 ed 
. C12-7.  -C12~7(nF) 
Fig. 10 Channel separation (a) as a function of the Fig. 11 Phase shift between pilot signal at 
modulation frequency (fp); Vp = 15 V; the input and the internal carrier processing 
Rj = 47 kQ; V4.5 =OV. as a function of C49.7. 
7280329 60 
oe ian dl 
a ae 
fe . 
or a a 
[ae eae a 
kt celia esas atl eee 
[aa Sea (a aS Fe 
eae (Sas a (es | (ee 
ae ae ae: ee, 
ros 
ee i ae , 
-300 | f -200 100 0 
V,-5 (mv) 


(8,5V) 


Fig. 12 Mono/stereo control at fp, = 1 KHz; a is the channel separation. 


Vp=8,5V 
———— Vp=15V 
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V3—5 (mV) 
-—200 -100 0 ~500 ~400 —-300 -200 ~100 0 ; 


BERR ae 
TIT I VAT 
TIT TAT 
PTI TT 
PTT YA TT 
Iii tT 


I 
PT TAZ TL dt 


Poe Wao THAT TT TTT 
a a | ve 
EEE, VAS ee LIE 4 


7280324 7280325 


Fig. 13 Muting (Vg) and muting indicator current (11) as a function of V3.5. 


Vo in dB curves; Vp=85V 
——~—— Vp=i5V 
| in mA curves for Vp_/Rpias1 (pin 1); --—— — 22 V/1 kQ 
14 V/680 Q 
eee 10 V/680 92 
100 7280326 
Fates (an acc REET 
I a es ae ee 
on ee Se 
‘ ie a as Se 
ie ee ee ae 
Cane al ee Re 
ete he le 
, — +} | 
Els San) (ee 
ia ae ee 
ee aS ee 
7 pp} | 
Dees (ea GS eee 
ears es ee eel 
0,01 
0 -2 -4 -6 -8 


4Vo(at) (dB) 


Fig. 14 Muting indicator current; Vp = 8,5 to 15 V; Vp, = 14 V. 


Rbias1 = 680 Q 
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TDA1576 TDA 1578 A 


7280322 


Fig. 15 Application information for external circuitry to provide 
external mono/stereo and muting control. 
Adjustment recommendations: 


at Vi(hf) = 100 uV with P1 to a = 6 dB (channel separation), 
at Vi(hf) = 15 uV with P2 to Vo(af) = —3 dB. 


i 0,22uF 3,3 nF 


15kQ 
ee 


Ld 
Vv (R) 
Vv olaf) 
mute O-—L___J 15V 
af. 
a7k9o) outputs 
Vref © ) Vo(at) (L) 


\ mute 


R bias 


(0 to 4V) 0,22 uF 1,5V 
47 ko] TDA1578A N 
180kQ2 . 
Vu/s OL 
33 nF :. 
ea 
f or oO 0,33 uF 
osc 10kQ Yes 
1004 a aa ‘ 
47kQ 
Vimux o—{[F— 
1,1V (p-p) 1 uF 0,22 uF 
Ni 
430 pF 
Vp = 15V (2%) 
hy 
et, : 
Tr 220kQ2 
. 10kQ 
lea a. al 
47 pF 39kQ f t 
7 (1%) osc \ 
7Z84696.1 


Fig. 16 Typical application circuit using TDA1578A for Vp = 15 V. 


September 1985 5-66 


Signetics Linear Products 


TV-Stereo Sound Decoder (Zenith Format) 


DESCRIPTION 

The TDA3806 is a monolithic integrated 
circuit for decoding TV stereo multiplex 
signal. The decoding signal is generated 
by a phase-locked loop system. The 
SAP and A.C.I. are suppressed by the 
internal circuitry; also this decoder has a 
main signal and a subsignal output. It is 
possible to apply a separate noise re- 
duction system to the subsignal. The 
main signal and the noise reduced sub- 
signal have to be combined at an exter- 
nal matrix to L resp. R. 


BLOCK DIAGRAM 


Advance Information 


TDA3806 


FEATURES 

e Selectable gain by external 
resistors (separate for main and 
subsignal) 

e DC input for smooth mono- 
stereo takeover control (without 
influencing the pilot indicator) 

e Pilot dependent mono-stereo 
switch 

e Pilot indicator driver 

e PLL oscillator switch-off facility 

e Buffered oscillator frequency 
measuring facility 

e internal suppression of SAP- 
distortion (5th harmonic of pilot) 

e Suppression of A.C.I.-distortion 
(3rd harmonic of subcarrier, 
adjacent channel interference) 

e Electronic hum filtering 


MONO/ST 


BD01060S 
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REFERENCE DATA 


PARAMETER 


Supply voltage range, Vg_7 


Supply current at Vp = 12V 
(without indicator current), Ig 


Output voltage range, Vi5/i6-7, (Vg-7— 1V) 


Voltage gain main signal, Voutte/Vmain 


Harmonic distortion 
(VouT 15,16 = 1.25V) 


Capture range delta f/f 
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DESCRIPTION 

The TDA3807 provides amplification, 
demodulation, indication and ''no-sig- 
nal'' muting for processing the SAP 
facility of the multi-channel TV sound 
system. 


REFERENCE DATA 


LIMITS 
PARAMETER SYMBOL 
Typical 


Supply current (indicator LED off) Fg 
Input voltage for start of indication (f = 78.67kHz) fin 


AF output voltage (AF Vin = 2mV, fin = 78.67kKHz Vv 
f= +10kHz, fmog = 1kHz) OUT 


Output impedance 


Signal to noise ratio at Vij = 2mV 
AM supression at 2mV 


Total harmonic distortion AF fmog = 1kHz, delta 
f= +10kHz 


Noise level 
(reference input signal = 2mV at Viy < 1”V) 


low ohmic 
(emitter 
follower) 


Vs 
VIN 
S/N 
THD 
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APPLICATIONS DIAGRAM 


+Vs (8V) 


SAP INDICATOR 


Y 


1uF . 

A.F. OUTPUT 
> (DEEMPHASIS 75 . SEC) 
4.7K 
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DESCRIPTION FEATURES PIN CONFIGURATION 


The TDA3810 is an integrated circuit whichcan e Three switched functions: 
provide three switched functions for radio and spatial N PACKAGE 
television equipment: spatial sound from a stereo 
stereo source; stereo sound from a stereo pseudo-stereo 
source; pseudo-stereo sound from a mono e Muting circuit prevents LED flickering 
source. ¢ LED driving outputs (pins 7 and 8) 
¢ TTL compatible inputs for selecting 
operating mode 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL AND PARAMETER 


Voc Supply voltage (pin 18) 


RATING UNIT 


lec Supply current (pin 18) 


Tst¢ Storage temperature range —25 to +150 Le 
Ta Operating ambient temperature range -—20 to +70 bee 4 


Thermal Resistance 


TOP VIEW 


From crystal to ambient 


CONTROL INPUT STATE LED 


Rin cr-a 


VREF 
Left channel input 


Left channel buffer output 

Left channel spatial feedback 
Left channel pseudo feedback 
Left channel output 

Spatial indicator driver 

Pseudo indicator driver 

Mute 

Ground 

S1 

$2 

Right channel output 

Right channel pseudo feedback 
Right channel spatial feedback 
Right channel buffer output 
Right channel input 


Vop 


TRUTH TABLE 


PIN 7 PIN 8 


Mono pseudo-stereo HIGH LOW 
Spatial stereo HIGH HIGH 
Stereo LOW X 


LOW = 0 to 0.8V (the less positive voltage) 
HIGH = 2V to Voc (the more positive voltage) 
Xx = State is don't care 


, 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
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BLOCK DIAGRAM 


O Pin 6 
20K 


ses, ay 
Y YW 
SPATIAL | PSEUDO 


}—o Pin 6 


10nF 


(1) Recommended in spatial mode for correction of high frequency (optimal performance) 
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DC ELECTRICAL CHARACTERISTICS V¢, = 12V; T, = 25°C; Test circuit Figure 1 stereo mode (pin 11 to ground) unless 


otherwise specified. 


TDA3810 
SYMBOL AND PARAMETER TEST CONDITION T 
yp 


Voc Supply voltage range (Pin 18) 4.5 


Vicrms) Input voltage (Pin 2 or 17) THD = 0.2% 
R; Input resistance (Pin 2 or 17) 
THD Total harmonic distortion f = 40 to 16000 HZ; Vorms) = 1V 


Oo 


Vairms) Noise output voltage (Unweighted) left and right output) 


Spatial mode (Pins 11 and 12 HIGH) 
Qa Antiphase crosstalk 


Gy Voltage gain 


= Orn N 
oO —_ ol 


4 


a 
NO] on 
p | oO 


Input resistance 


Switching current 


—, Output current for LED 


Ve Forward voltage 
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10 


ie Sere FILTER CHANNEL PSEUDO 
ee ee ee 
= ee a a TT A EO A ces ce SO 

LT IN NT 

/ ~~ 
LINEAR CHANNEL PSEUDO 
| 
BANDPASS FILTER y 
DOUBLE-T-FILTER 
102 104 10 


103 5 
f(Hz) 


°o 


GAIN/GAIN 1 kHz (dB) 
I 
r=) 


l 
id 
° 


Vec= +12V 


10nF 10nF 16K SPATIAL PSEUDO 
11K 
24K 18K 


22K 22K 12nF 10nF 


Figure 1. Pseudo Filter |. 
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Figure 3. Pseudo Filter Ill 
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The TEA5580 is a PLL stereo decoder. It is suitable for portable radios, radio recorders, medium-fi and 

car radio receivers. The circuit incorporates the following functions. 

— A voltage-controlled oscillator (f = 228 kHz) from which the 19, 38, 57 and 114 kHz signals are 
obtained via I? L logic. 

— A phase-locked-loop system to lock the VCO to the 19 kHz pilot tone in the stereo signal. The phase 
detector in the loop system also suppresses phase distortion due to the 57 kHz pilot signal from VWF 
transmitters (traffic warning system in Germany). 

— A pilot presence detector and an automatic mono/stereo switch. 

— Two demodulators, one driven by the 38 kHz decoding signal for the stereo matrix, the second 
driven by a 114 kHz signal which suppresses the third harmonic of the multiplex signal (MUX). 
These prevent distortion caused by strong adjacent transmitters. 

— A matrix and two output buffers, for the left and right output signals. 

— An input amplifier, the gain of which can be adjusted by the external input resistor. 

— A pilot cancelling circuit, for extra suppression of the pilot signal. 

— An SDS circuit (signal dependent stereo) for a smooth changeover from stereo to mono on weak 
signals. 

— A driver output stage for a stereo LED indicator. 

— A stabilizer, for operation over a wide supply voltage range. 


The stereo decoder is compensated for a typical i.f. filter with a roll-off frequency of 50 kHz (2 dB 
down at 38 kHz). 


QUICK REFERENCE DATA 


Applicable supply voltage range Vs 3,6 to 16 V 


Supply voltage (pin 9) Vp nom. 6 V 
Ambient temperature Tamb typ. 25 °C 
Total quiescent current ltot typ. 10 mA 
Measured at Vi(p-p) = 1 V (MUX with 27 mV pilot) 

Overall gain Go typ. Oto 20 dB 
Output channel unbalance V4-5/V2-.5 < +1 dB 
Output voltage (r.m.s. value) V1.5/V2.5_ typ. 0,4 V 
Total harmonic distortion (300 Hz to 20 kHz) THD typ. 0,2 % 
Signal-to-noise ratio, DIN A-curve S/N typ. 80 dB 
Channel separation a typ. 40 dB 


Carrier suppression at: 
f = 19 kHz (adjusted) a419 typ. 50 dB 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT-38). 
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vVcOo 
off Vose 


8 
TEA5580 
PHASE VCO i2L LOGIC 
DETECTOR 228kHz f (kHz) 


19 57 114 57 38 19 19 
kHz kHz OUTPUT 


14kHz BUFFER 
DEMODULATOR left output 
: 2 ¥ signal 
ercks MATRIX 


right output 
signal 


CANCEL 
INPUT AMP SYNC | 
DEMODULATOR 
1 


OUTPUT 
BUFFER 


ie SIGNAL 
MONO/STEREO DEPENDENT LED Vp 
STABILIZER 
elt Siler SWITCH STEREO DRIVER (from pin 9) 
CONTROL 


Vp pilot cancel or Isps 
level control 


7286879 


Fig. 1 Block diagram. 
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A.C. CHARACTERISTICS 
Measured in circuit of Fig. 2 at Vp =6 V, Vi(p-p) = 1 V (MUX with 27 mV pilot) 


Input impedance (external) |Z; | typ. 47 kQ 
Output impedance (externa!) Z| typ. 5.1 kQ 
Output voltage (r.m.s. value) Vo(rms) typ. 400 mV 
Total harmonic distortion (300 Hz to 10 kHz) 

(mono, stereo and mono + pilot) THD typ. 0,2 % 
Total harmonic distortion at Vo(rms) = 0,6 V THD < 1% 
Signal-to-noise ratio (DIN A-curve) S/N typ. 80 dB 
Channel separation (for L = 1 and R = 0) a typ. 40 dB 
SDS control 

10 dB channel separation l4 typ 50 wA 

full stereo (channel separation = 26 dB) l4 > 100 yA 

full mono (channel separation < 1 dB) l4 < 10 wA 

Stereo/mono switch (for R2 = 4kQ2) 
for switching to stereo Vj < 18 mV 
ee > 5 mV 

for switching to mono Vj typ 13 mV 

hysteresis AV; typ. 2,5 dB 
VCO frequency (adjustable) fyco typ. 228 kHz 
Capture range (deviation from 228 kHz centre frequency) 

Vpilot = 32 mV typ. 3,5 % 
Temperature coefficient (uncompensated) TC typ. A kHz/K 
VCO off switching voltage (pin 7) Voff > 3 V 
Carrier suppression (adjusted by R2) at: 

f= 19kHz a419 typ. 50 dB 

= 38 kHz aA38 typ. 50 dB 

f = 228 kHz A228 typ. 70 dB 
ACI suppression at: * 

f=114 kHz 414 typ. 80 dB 

f = 190 kHz 190 typ. 60 dB 
SCA suppression at f = 67 kHz 67 typ. 66 dB 
VWE suppression* * QYWE typ. 70 dB 
Ripple rejection at f = 100 Hz 

Vs =3,6V RR typ. 20 dB 

Vs=8V RR typ. 26 dB 


Vo (at 1 kHz) 


Vo (at 4 kHz) | 

90% S-signal (L = —R, fry = 1 KHz); 9% pilot signal; 1% spurious signal (f = 110 kHz). 

Vo (at 1 KHz + 23 Hz) 
Vo (at 1 kHz) 
90% S-signal (L = —R, fp, = 1 KHz); 9% pilot signal; 5% VWF signal (f = 57 kHz, fp, = 23 Hz AM, 
m = 60%). 

4 Value to be established. 


* 


ACI suppression: a4 44 = 20 log 


** VWF suppression: ayywr = 20 log 
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APPLICATION INFORMATION 


Vp 302 


A left output 
signal 

i.f. 50 kHz roll-off filter 5 1 10 nF 7 

47kQ i — : 

MUX ~ 
input TEA5580 
470nF 
i 5,1 Vo 
Mi kK 1 10nF 
, right output 
signal 
‘f 
22kQ 
4 faced +Vott 
| 
SDS 15k0.| i ko 
100nF y R2 390 pF — 0,47 uF 
470kQ wkAlLY 
d R1 | 1uF 
y 7 7 7286878 
Fig. 2 Test and application diagram. 
Notes 


R1: VCO frequency adjustment; f = 228 kHz. 
R2: pilot cancelling and pilot level. 
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The SAA1057 is a single chip frequency synthesizer IC in 1?L technology, which performs all the 
tuning functions of a PLL radio tuning system. The IC is applicable to all tvpes of radio receivers, 
e.g. car radios, hi-fi radios and portable radios. 


Features 


@ On-chip prescaler with up to 120 MHz input frequency. 

@ On-chip AM and FM input amplifiers with high sensitivity (30 mV and 10 mV respectively). 

@ Low current drain (typically 16 mA for AM and 20 mA for FM) over a wide supply voltage range 
(3,6 V to 12 V). 

On-chip amplifier for loop filter for both AM and FM (up to 30 V tuning voltage). 

On-chip programmable current amplifier (charge pump) to adjust the loop gain. 

Only one reference frequency for both AM and FM. 

High signal purity due to a sample and hold phase detector for the in-lock condition. 

High tuning speed due to a powerful digital memory phase detector during the out-lock condition. 
Tuning steps for AM are: 1 kHz or 1,25 kHz for a VCO frequency range of 512 kHz to 32 MHz. 
Tuning steps for FM are: 10 kHz or 12,5 kHz for a VCO frequency range of 70 MHz to 120 MHz. 5 
Serial 3-line bus interface to a microcomputer. 

Test/features. 


QUICK REFERENCE DATA 


Supply voltage ranges Vcc 3,6to 12 V 
Vcc? 3,6to 12 V 
Vec3 Vec2 to 31 V 
Supply currents lcci t+!lec2 typ. 18 mA 
Icc3 typ. 0,8 mA 
Input frequency ranges 
at pin FAM fFAM 512 kHz to 32 MHz 
at pin FFM fFEM 70 to 120 MHz 
Maximum crystal input frequency IX TAL > 4 MHz 
Operating ambient temperature range Tamb —25 to +80 °C 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT-102HE). 


5-81 September 1985 


Signetics Linear Products Product Specification 


PLL Radio Tuning Circuit SAA1057 


TR TCA TCB iN Voces 


recaie SAMPLE 


MABLE COUNTER 
DIVIDER PHASE 
DETECTOR 
PROGRAMMABLE 
CURRENT 
AMPLIFIER 


setts tel REFERENCE 
+ 100/125 eeareyon 
LATCH A LATCH B 
15 BITS 15 BITS 


TEST/ 
FEATURES 
| sgn ade Snot 
12 | ee CERES 16-BIT SHIFT REGISTER 


Fig. 1 Block diagram 


16 
F CURRENT 
fl STABILIZER 


ar 
ye] 
oc MUX 


DIGITAL 
PHASE 
DETECTOR 


XTAL 


DCS 


TEST 


7283975.1 


GENERAL DESCRIPTION 


The SAA1057 performs the entire PLL synthesizer function (from frequency inputs to tuning voltage 

output) for all types of radios with the AM and FM frequency ranges. 

The circuit comprises the following: 

@ Separate input amplifiers for the AM and FM VCO-signals. 

A divider-by-10 for the FM channel. 

A multiplexer which selects the AM or FM input. 

A 15-bit programmable divider for selecting the required frequency. 

A sample and hold phase detector for the in-lock condition, to achieve the high spectral purity of 

the VCO signal. 

@ Adigital memory frequency/phase detector, which operates at a 32 times higher frequency than 
the sample and hold phase detector, so fast tuning can be achieved. 

@ An in-lock counter detects when the system is in-lock. The digital phase detector is switched-off 
automatically when an in-lock condition is detected. 

@ A reference frequency oscillator followed by a reference divider. The frequency is generated by a 
4 MHz quartz crystal. The reference frequency can be chosen either 32 kHz or 40 kHz for the 
digital phase detector (that means 1 kHz and 1,25 kHz for the sample and hold phase detector), 
which results in tuning steps of 1 kHz and 1,25 kHz for AM, and 10 kHz and 12,5 kHz for FM. 

@ A programmable current amplifier (charge pump), which controls the output current of both the 
digital and the sample/hold phase detector in a range of 40 GB. It also allows the loop gain of the 
tuning system to be adjusted by the microcomputer. 

@ A tuning voltage amplifier, which can deliver a tuning voltage of up to 30 V. 

@ BUS; this circuitry consists of a format control part, a 16-bit shift register and two 15-bit latches. 
Latch A contains the to be tuned frequency information in a binary code. This binary-coded num- 
ber, multiplied by the tuning spacing, is equal to the synthesized frequency. The programmable divider 
(without the fixed divide-by-10 prescaler for FM) can be programmed in a range between 512 and 
32 767 (see Fig. 3). Latch B contains the control information. 
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OPERATION DESCRIPTION 
Control information 


The following functions can be controlled with the data word bits in latch B. For data word format 


and bit position see Fig. 3. 


reference frequency selection; ‘1’ = 1,25 kHz, ‘O’ = 1 kHz (sample and hold phase detector) 


control bits for the programmable current amplifier 


enables last 8 bits (SLA to TO) of data word B; 
‘1’ = enables, ‘O’ = disables; when programmed ‘0’, the last 8 bits 
of data word B will be set to ‘0’ automatically 


load mode of latch A; ‘1’ = synchronous, ‘0’ = asynchronous 


automatic 
on/off 


bus receiver mode bit; in this mode the supply current of the BUS 
receiver will be switched-off automatically after a data transmission 
(current-draw is reduced); ‘1’ = current switched; ‘0’ = current always on 


test bit; selects the reference frequency (32 or 40 kHz) to the TEST pin 


FM FM/AM selection; ‘1’ = FM, ‘0’ = AM 
REFH 
CP3 
CP2 
CP 1 (see section Characteristics) 
CPO 
SB2 
SLA 
PDM1 | 
PDMO | phase detector mode 
digital phase 
detector 

0 X 

1 0 on 

1 1 off 
BRM 
T3 test bit; must be programmed always ‘0’ 
T2 
T1 test bit; must be programmed always ‘0’ 
TO 


test bit; selects the output of the programmable counter to the TEST pin 


reference frequency 
output programmable counter 


output in-lock counter 
‘0’ = out-lock 
‘1’ = in-lock 
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PLL Radio Tuning Circuit | SAA‘1057 
DLEN J) ee il | eee 
a a Pam ral tDLENhold > <_ — tpoist le 
tCLB lead 7 kgs < 'CLBlag1 . tCLBlag2 ao in 
SSS NNN fi (i a) eee sees 
<+tDATAhold 
sonra . : 
DATA oo FRM aQalVvVtcké£ZZz_. =» 
> ~<— test leading zero TERA ae 
bit no. 0 1 2 15 16 


Fig. 2 BUS format. 


(1) During the zero set-up time (t) 754) CLB can be LOW or HIGH, but no transient of the signal is 
permitted. This can be of use when an |?C bus is used for other devices on the same data and clock 
lines. 


DATA WORD A 


ga Oo eS 7 


bits stored in latch A 
512 < dividing number < 32767 


DATA WORD B 


leadin 
ann nnn REO eeeeeeeeeeeemeeeneeneenememeneEnanaee "auennenennnnnnEnennnen ERR nemennens Seeman 


bits stored in latch B 7283973 


Fig. 3 Bit organization of data words A and B. 
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PINNING 
1 TR 
2 TCA 
3 TCB 
4 pcs 
5 IN 
SAA1057 6 OUT 
7 Vec3 
8 FFM 
9 Vcc 
10 DCA 
7283971 
| 11 FAM 
Fig. 4 Pinning diagram. 12 DATA 
13. DLEN 
14 CLB 
15 Ver 
16 Vec2 
17. XTAL 
18 TEST 


RATINGS 


Product Specification 


SAA‘057 


resistor/capacitors 
for sample and 
hold circuit 


decoupling of supply 
input of output amplifier 
output of output amplifier 


positive supply voltage of 
output amplifier 


FM signal input 


positive supply voltage of 
high frequency logic part 


decoupling of input 
amplifiers 


AM signal input 
BUS 


ground 


positive supply voltage of 
low frequency logic part and 
analogue part 


reference oscillator input 
test output 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage; logic and analogue part 
Supply voltage; output amplifier 

Total power dissipation 

Operating ambient temperature range 
Storage temperature range 


5-85 


Vect1: Vec2 —0,3to 13,2 V 
Vcc3 Vec2 to+32 V 
Prot max. 800 mW 
Tamb —30 to +85 OC 
T stg —65 to + 150 OC 
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Product Specification 


SAM057 


VeeE=0V; Vcc] =Vcc2 = 5 V; Vec3 = 30 V; ie 25 OC; unless otherwise specified 


RENSRORNS (25 _ N C___ 


Supply voltages 


Supply currents* 
AM mode 


FM mode 


Operating ambient 
temperature 


RF inputs (FAM, FFM) 
AM input frequency 

FM input frequency 
Input voltage at FAM 
Input voltage at FFM 
Input resistance at FAM 
Input resistance at FFM 
Input capacitance at FAM 
Input capacitance at FFM 


Voltage ratio allowed 
between selected and 
non-selected input 


Crystal oscillator (XTAL) 
Maximum input frequency 
Crystal series resistance 


BUS inputs (DLEN, CLB, 
| DATA) 


Input voltage LOW 
Input voltage HIGH 
Input current LOW 
Input current HIGH 


lec3 


Vcc1 
Vcc2 
Vcc3 


ltot tot = !ec1 + Icc2 
in-lock: BRM = ‘1’: 

PDM = ‘0’ 

lout =0 


tot 


Tamb 


fFAM 
fFFM 
Vi (rms) 
Vi (rms) 


see note 1 


* When the bus is in the active mode (see BRM in Control Information), 4,5 mA should be added to the 


figures given. 
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CHARACTERISTICS (continued) 
VEE =9V; Vcc1 = Vec2 = 5 V; Vec3 = 30 V; Tamb = 25 OC; unless otherwise specified 


ee 


BUS inputs timing 
(DLEN, CLB, DATA) 


Lead time for CLB to DLEN 


Lead time for DATA to 
the first CLB pulse 


Set-up time for DLEN 
to CLB 


CLB pulse width HIGH 
CLB pulse width LOW 


Set-up time for DATA 
to CLB 


Hold time for DATA to CLB 
Hold time for DLEN to CLB 


Set-up time for DLEN to 
CLB load pulse 


Busy time from load pulse 
to next start of transmission 


Busy time 
asynchronous mode 


synchronous mode 


Sample and hold circuit 
(TR, TCA, TCB) 


Minimum output voltage 


Maximum output voltage 


Capacitance at TCA 
(external) 


Discharge time at TCA 


Resistance at TR 


Voltage at TR during 
discharge 


Capacitance at TCB 
Bias current into TCA, TCB 


tCLBlead 
tTlead 


tCLBlag1 
tCLBH 
TCLBL 


tpATAlead 
tDATAhold 
tDLENhold 


tCLBlag2 


'DIST 


tpISsT 
tDIST 


see also Fig. 2 and 
note 2 


next transmission 
after word ‘B’ 

to other device 
or 

next transmission 
to SAA1057 
after word ‘A’ 
(see also note 5) 


see also notes 3: 4 


REFH = ‘1’ 
REFH = ‘0’ 


REFH = ‘1’ 
REFH = ‘0’ 


external 


external 
in-lock 
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CHARACTERISTICS (continued) 
VEE =0V; Vcc = Vec2 = 5 Vi Vec3 = 30 V; Tamb = 25 OC; unless otherwise specified 


ee 


Programmable current 
amplifier (PCA) 


Output current of the 
dig. phase detector 


Current gain of PCA 


Vcec2 2 9 V (only for P1) 


Ratio between the output 
current of S/H into PCA 
and the voltage on 
CTCB 

Offset voltage on TCB 


in-lock 


Output amplifier (IN, OUT) 


Input voltage 


in-lock ; equal to 
internal reference voltage 
Output voltages 


minimum —louT = 1mA 
maximum louUT =1mMA 
maximum lout =9,1 mA 


Maximum output current Vout =“ Vcc3 


Test output (TEST)* 
Output voltage LOW 
Output voltage HIGH 
Output current OFF 

Output current ON 


Ripple rejection* * 

at fripple = 100 Hz 
AVcc1/AVOQUT 
AVcc2/AVouUT 
AVcc3/AVOUT 


Vout <Vcc3-8 V 


* Open collector output. 
** Measured in Fig. 6. 
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NOTES 


1. Pin 17 (XTAL) can also be used as input for an external clock. 
The circuit for that is given in Fig. 5. The values given in Fig. 5 are a typical application example. 


+5V— 1ONF 22k22 17 


OV 
4 MHz 


XTAL 


Wr 7283970 


Fig. 5 Circuit configuration showing external 4 MHz clock. 
2. See BUS information in section ‘operation description’. 


3. The output voltage at TCB and TCA is typically % Vcc g+0,3 V when the tuning system is in-lock 
via the sample and hold phase detector. The control voltage at TCB is defined as the difference 
between the actual voltage at TCB and the value calculated from the formula % Vcc2t0,3 V. 


4. Crystal oscillator frequency fytay = 4 MHz. 


5. The busy-time after word ‘‘A’”’ to another device which has more clock pulses than the SAA1057 
(> 17) must be the same as the busy-time for a next transmission to the SAA1057. 
When the other device has a separate DLEN or has less clock pulses than the SAA1057 it is not 
necessary to keep to this busy-time, 5 us will be sufficient. 


APPLICATION INFORMATION 
Initialize procedure 


Either a train of at least 10 clock pulses should be applied to the clock input (CLB) or word B should 
be transmitted, to achieve proper initialization of the device. 

For the complete initialization (defining all control bits) a transmission of word B should follow. This 
means that the IC is ready to accept word A. 


Synchronous/asynchronous operation 


Synchronous loading of the frequency word into the programmable counter can be achieved when bit 
‘SLA’ of word B is set to ‘1’. This mode should be used for small frequency steps where low tuning noise 
is important (e.g. search and manual tuning). This mode should not be used for frequency changes of 
more than 31 tuning steps. In this case asynchronous loading is necessary. This is achieved by setting 

bit ‘SLA’ to ‘0’. The in-lock condition will then be reached more quickly, because the frequency infor- 
mation is loaded immediately into the divider. 


Restrictions to the use of the programmable current amplifier 


The lowest current gain (0,023) must not be used in the in-lock condition when the supply voltage 
Vcc2 is below 5 V (CP3, CP2, CP1 and CPO are all set to ‘0’). This is to avoid possible instability of the 
loop due to a too small range of the sample and hold phase detector in this condition (see also section 
‘Characteristics’). 


Transient times of the bus signals 


When the SAA1057 is operating in a system with continuous activity on the bus lines, the transient 
times at the bus inputs should not be less than 100 ns. Otherwise the signal-to-noise ratio of the tuning «— 
voltage is reduced. 


5-89 September 1985 


Signetics Linear Products Product Specification 


PLL Radio Tuning Circuit : SAA‘1057 


100uF = 180Q2[] 2,2 if nF 100nEF 
oe" | 
| TUNER 
| 


47 uF Vec1 Vcc2 10kQ{") aici 
YHk DCS |-_ } voltage 
{ 
10 nF |i ko" | + 100 nF) 
\ [| 4 
1802 | a 
\ SAA1057 330 nF (1) | A 
FM oscillator TnF | 
(Z2,;=75 Q2) 
; 22 nF 
AM oscillator 11 . 
(Z) =2kQ) L—-{}+—_?#8 
DLEN CLB DATA 27 pF 
7283972.1 


(1) Values depend on the tuner diode characteristics. 


Fig. 6 Application example of the SAA1057PLL frequency synthesizer module. 
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Balanced Modulator /Demodulator TDAO820T 


The TDAO0820T is a monolithic integrated circuit for use at frequencies up to 650 MHz. 
Typical applications are: 


— modulator 

— mixer 

switch/chopper 

— a.m. synchronous demodulator 
— f.m. quadrature demodulator 
— phase comparator 

— differential amplifier 


The circuit is arranged to offer very flexible circuit design possibilities. The excellent matching and 
temperature tracking of the transistors in the circuit allow the use of circuit techniques which are not 
available when using discrete devices. 


20 TR3 TR7 , 06 
10 a 
130 TR4 TR8 09 
D1 D2 
RI R2 R3 R4 
150.0 150.0 1500 1500 
140 08 
lice 2 fe | 7270904 


Fig. 1 Circuit diagram. 


PACKAGE OUTLINE 
14-lead mini-pack; plastic (SO-14; SOT-108A). 
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Balanced Modulator/Demodulator | | TDAO820T 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage range V10-8; V10-14; V12-8; V12-14 Oto 13,2 V 


Voltages (each transistor) 
Collector-substrate voltage (open base) 


and emitter) Vcso max. 15 
Collector-base voltage (open emitter) VCBO max. 12 
Collector-emitter voltage (open base) VCEO max. 10 
Emitter-base voltage (open collector) VEBO max. 5 


Currents (each transistor) 


<<< < 


Emitter current le max. 10 mA 
Base current Ip max. 10 mA 
Total power dissipation when 

mounted on a printed-circuit board Prot max. 250 mW 
Storage temperature T stg —55 to+ 125 °C 
Operating ambient temperature Tamb Oto+70 °C 
THERMAL RESISTANCE 
From junction to ambient — Rthjea = 220 K/W 
CHARACTERISTICS 
V10-8 = V10-14 = V12-8 = V12-14 = 12 Vi Tamb = 25 OC; measured in Fig. 2 
Supply current liotli2 pg a ie 
Input signals 

carrier signal (r.m.s. value) V3-4(rms): V5-4(rms) < 100 mV 

video signal; negative modulated 

(peak-to-peak value) V6-2(p-p) = 14 V 

Output signal at top sync over 75 Q2 

(peak-to-peak value) V10-12(p-p) = 22 mV 
Carrier suppression in balanced condition V10-12 > 38 dB 
Differential phase < 6° 
Differential gain < 15 % 
Distortion of video signal < —38 dB 
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G86 Jequie}das 


carrier 
f =600MHz @& 
R= ; 
750 ce 


(1) L = air coil; 3 turns; 63 mm. 
(2) U.H.F. decoupling capacitor 2212 669 98003. 


TDA0820 


Fig. 2 Test circuit. 
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AM Receiver Circuit TDA1072A 


GENERAL DESCRIPTION 


The TDA1072A integrated AM receiver circuit performs the active and part of the filtering functions 

of an AM radio receiver. It is intended for use in mains-fed home receivers and car radios. The circuit 
can be used for oscillator frequencies up to 50 MHz and can handle r.f. signals up to 500 mV. R.F. 
radiation and sensitivity to interference are minimized by an almost symmetrical design. The voltage- 
controlled oscillator provides signals with extremely low distortion and high spectral purity over the whole 
frequency range even when tuning with variable capacitance diodes. If required, band switching diodes 
can easily be applied. Selectivity is obtained using a block filter before the i.f. amplifier. 


Features 


@ Inputs protected against damage by static discharge 

® Gain-controlled r.f. stage 

@ Double balanced mixer 

@ Separately buffered, voltage-controlled and temperature-compensated oscillator, designed for 
simple coils 

Gain-controlled i.f. stage with wide a.g.c. range 

Full-wave, balanced envelope detector 

Internal generation of a.g.c. voltage with possibility of second-order filtering 
Buffered field strength indicator driver with short-circuit protection 

A.F. preamplifier with possibilities for simple a.f. filtering 

Electronic standby switch 


QUICK REFERENCE DATA 


Supply voltage range Vp 7,5to 18 V 
Supply current range | Ip 15 to 30 mA 
R.F. input voltage for S + N/N = 6 GB at m = 30% Vj typ. 1,5 pV 
R.F. input voltage for 3% total harmonic 

distortion (THD) at m = 80% Vj typ. 500 mV 
A.F. output voltage with V; = 2 mV; | 

fj; = 1 MHz; m = 30% and fr, = 400 Hz | Vo(af) typ. 310 mV 
A.G.C. range: change of V; for 1 dB change of Vo(af) | typ. 86 dB 
Field strength indicator voltage at 

Vj = 500 mV; R_ (9) = 2,7 kQ VIND typ. 2,8 V 
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AM Receiver Circuit TDA1072A 
Cose os a 
12 to 440 pF optional 
qetit ee band switching 
; N x diodes 
C4b SPL 21022pF, C7 bt: 
502 33 pF | 
+ VB p c8 Z 
Rg = 502 4 Ry (10) 
ots = > L 
Y an ad - i 03 Ae — 
— 47 uF L 
: . 220] | oP 47u Ae 
C2 V 
C1 IND 
4 100nF 100 nF Vp 


GAIN - 
CONTROLLED 
R.F. STAGE 


INTERNAL 
SUPPLY 
VOLTAGES 


CONTROLLED 
OSCILLATOR 


INDICATOR 
DRIVER 


GAIN - BALANCED A.F. 
CONTROLLED FULL - WAVE PRE - 
1.F. AMPLIFIER DETECTOR AMPLIFIER 


DOUBLE 
BALANCED 
MIXER 


A.G.C. 
AMPLIFIER 


STANDBY 
SWITCH 


Vp (a.g.c.) Vp (a.g.c.) 


TDA1072A 


a4 or Cie {C17 


1 C12 a pli 
1 Y— 
AMO, FM | /f 220nF Saag ae a asl 
Z [| R5 7 z 
3.3nF LJ 12k% 
Z S 
standby C14 C15 
switch 100 nF 
yoo ---L. Vo taf) 
| nie awe 7287714 
I.F. FILTER 4 


+ Vp (pin 13) 


(1) Coil data: TOKO sample no. 7XNS-A7523DY; L1 : N1/N2 = 12/32; Qo = 65; Op = 57. 
Filter data: Ze = 700 Q at R3.4=3kQ; Z) = 4,8 kQ. 


Fig. 1 Block diagram and test circuit (connections shown in broken lines are not part of the test 
circuit), 
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FUNCTIONAL DESCRIPTION 
Gain-controlled r.f. stage and mixer 


The differential amplifier in the r.f. stage employs an a.g.c. negative feedback network to provide a 

wide dynamic range. Very good cross-modulation behaviour is achieved by a.g.c. delays at the various 
signal stages. Large signals are handled with low distortion and the S/N ratio of small signals is improved. 
Low noise working is achieved in the differential amplifier by using transistors with low base resistance. 


A double balanced mixer provides the i.f. output signal to pin 1. 


Oscillator 


The differential amplifier oscillator is temperature compensated and is suitable for simple coil connect- 
ion. The oscillator is voltage-controlled and has little distortion or spurious radiation. It is specially 
suitable for electronic tuning using variable capacitance diodes. Band switching diodes can easily be 
applied using the stabilized voltage V 14.16. An extra buffered oscillator output (pin 10) is available for 
driving a synthesizer. If this is not needed, resistor RL (10) can be omitted. 


Gain-controlled i.f. amplifier 


This amplifier comprises two cascaded, variable-gain differential amplifier stages coupled by a band-pass 
filter, Both stages are gain-controlled by the a.g.c. negative feedback network. 


Detector 


The full-wave, balanced envelope detector has very low distortion over a wide dynamic range. Residual 
i.f. carrier is blocked from the signal path by an internal low-pass filter. 


A.F. preamplifier 


This stage preamplifies the audio frequency output signal. The amplifier output has an emitter follower 
with a series resistor which, together with an external capacitor, yields the required low-pass for a.f. 
filtering. 


A.G.C. amplifier 


The a.g.c. amplifier provides a control voltage which is proportional to the carrier amplitude. Second- 
order filtering of the a.g.c. voltage achieves signals with very little distortion, even at low audio 
frequencies. This method of filtering also gives fast a.g.c. settling time which is advantageous for 
electronic search tuning. The a.g.c. settling time can be further reduced by using capacitors of smaller 
value in the external filter (C16 and C17). The a.g.c. voltage is fed to the r.f. and i.f. stages via suitable 
a.g.c. delays. The capacitor at pin 7 can be omitted for low-cost applications. 


Field strength indicator output 


A buffered voltage source provides a high-level field strength output signal which has good linearity — 
for logarithmic input signals over the whole dynamic range. If the field strength information is not 
needed, R1_(g) can be omitted. 


Standby switch 


This switch is primarily intended for AM/FM band switching. During standby mode the oscillator, 
mixer and a.f. preamplifier are switched off. 


Short-circuit protection 
All pins have short-circuit protection to ground. 
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RATINGS 

Limiting values in accordance with the Absolute Maximum Rating System (IEC 134) 

Supply voltage Vp=V13-16 max. 20 V 

Total power dissipation Prot max. 875 mW 

Input voltage IV14-15| max. 12 V 
—V14-16,-V15-16 max. 0,6 V 
V14-16, V15-16 max. Vp V 

Input current Iqal, 145! max. 200 mA 

Operating ambient temperature range Tamb » —40 to +80 °C 

Storage temperature range Tstg —55 to + 150 OC 

Junction temperature Tj max. +125 °C 

THERMAL RESISTANCE 

From junction to ambient Rth j-a = 80 K/W 


DEVICE CHARACTERISTICS 
Vp = V13-16 = 8,5 Vi Tamb = 25 OC; fj = 1 MHz; fry = 400 Hz; m = 30%; fj¢ = 460 kHz; measured in 


test circuit of Fig. 1; unless otherwise specified 


Supplies 
Supply voltage Vp = V13-16 
Supply current Ip=143 


R.F. stage and mixer 


Input voltage (d.c. value) V14-16 V15-16 
R.F. input impedance at V; < 300 pV R14-16, R15-16 
C14-16, C15-16 
R.F. input impedance at V; > 10 mV R14-16, R15-16 
C14-16, 15-16 
|.F. output impedance R1-16 
C1-16 
Conversion transconductance 
before start of a.g.c. 14/Vj 
Maximum t.f. output voltage, inductive 
coupling to pin 1 V1-13(p-p) 
D.C. value of output current (pin 1) 
at Vj =O V 


A.G.C. range of input stage 


R.F. signal handling capability: 
input voltage for THD = 3% at m = 80% 
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C0 


Oscillator 


Frequency range fosc 


V11-12 
R42-11(ext) 
R142-11(ext) 


Oscillator amplitude (pins 11 to 12) 


External load impedance 


External load impedance for no oscillation 


Ripple rejection at VP(rms) = 100 mV; 
fp = 100 Hz 
(RR = 20 log [V13.16/V 11-161) 


Source voltage for switching diodes (6 x VpF) 


RR 
V11-16 
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D.C, output current (for switching diodes) —144 
Change of output voltage at 

Al44 = 20 mA (switch to maximum load) {| AV411.16 
Buffered oscillator output 
D.C. output voltage V10-16 
Output signal amplitude V10-16(p-p) 
Output impedance R10 
Output current —110(peak) 
1.F., a.g.c. and a.f. stages 
D.C. input voltage V3-16, V4-16 
|.F. input impedance R3.4 

C3.4 

|.F. input voltage for 

THD = 3% at m = 80% V3.4 
Voltage gain before start of a.g.c. V3-4/V6-16 
A.G.C. range of i.f. stages: change of 

V3.4 for 1 dB change of Vo(af); 

V3-4(ref) = 75 mV AV3.4 
A.F. output voltage at V3. 4(j¢) = 50 uV Vol(af) 
A.F. output voltage at V3.4(jf) = 1 mV Vo(af) 
A.F. output impedance (pin 6) Z| 
Indicator driver 
Output voltage at Vj =O mV; 

Rig) = 2,7 kQ V9.16 
Output voltage at V; = 500 mV; 

Rig) = 2,7 kQ V9-16 
Load resistance RL(9) 


130 


130 
310 
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0 2,0 V 

3,5 20 V 

— 200 { wA 

— 10 LA 
OPE RATING CHARACTERISTICS 


Vp = 8,5 V; fj = 1 MHz; m = 30%; fr = 400 HZ; Tamb = 25 OC; measured in Fig. 1; unless otherwise 
specified 


R.F. sensitivity 

R.F. input required for S + N/N =6 dB 
R.F. input required for S + N/N = 26 dB 
R.F. input required for S + N/N = 46 dB 
R.F. input at start of a.g.c. 


Standby switch 


Switching threshold at Vp = 7,5 to 18 V; 
Tamb = —40 to + 80 °C 


on-voltage 


off-voltage 


on-current at V9.14g =O V 


off-current at V9.46 = 20 V 


R.F. large signal handling 

R.F. input at THD = 3%; m = 80% 
R.F. input at THD = 3%; m = 30% 
R.F. input at THD = 10%; m = 30% 


A.G.C. range 


Change of Vj; for 1 dB change 


Change of Vj for 6 dB change 


Output signal 


A.F. output voltage at 
Vj = 4 uV; m = 80% Vol(af) 


A.F. output voltage at Vj = 1 mV Volaf) 
THD at Vj = 1 mV; m = 80% dtot 
THD at Vj; = 500 mV; m = 30% dtot 
Signal-to-noise ratio at Vj; = 100 mV (S+N)/N 


Ripple rejection at Vj = 2 mV; 
VP(rms) = 100 mV; fp = 100 Hz 
(RR = 20 log[Vp/Vo(asy 1) 
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parameter 


Unwanted signals 


Suppression of i.f. whistles at 
Vj = 15 nV; m = 0% related to 
a.f. signal of m = 30% 


at fj ~ 2 x fi¢ 


at fj ~ 3 x fig 
|.F. suppression at r.f. input 
for symmetrical input 
for asymmetrical input 
Residual oscillator signal at mixer output 
at fosc 


APPLICATION INFORMATION 


27 MHz 12 pF (1) 33 pF 


TDA1072A 


7287701 


(1) Capacitor values depend on crystal type. 
(2) Coil data: 9 windings of 0,1 mm dia laminated Cu wire on TOKO coil set 7K 199CN; Qo, = 80. 


Fig. 2 Oscillator circuit using quartz crystal; centre frequency = 27 MHz. 
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100 = 120 0 20 40 60 80 100° 120 
a0 (dB nV) V; (dBxV) 


Fig. 3 A.F. output as a function of r.f. input 

in the circuit of Fig. 1; fj = 1 MHz; f,, = 400 Hz; as functions of r.f. input in the circuit of 

m = 30%. Fig. 1; m = 30% for (S + N)/N curve and 
m = 80% for THD curve. 


~N 
N 
co 
~N 
~“N 
oO 
Ss 


“10 — 20 100 200 1000 2000 m (Hz) 


Fig. 5 Total harmonic distortion as a function of modulation frequency at Vj = 5 mV; m = 80%; 
measured in the circuit of Fig. 1 with C7_.16(ext) = 0 uF and 2,2 uF. 


Fig. 4 Total harmonic distortion and (S + N)/N 
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7287705 
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V; (dB wV) 
Fig. 6 Indicator driver voltage as a function Fig. 7 Typical frequency response curves from 
of r.f. input in the circuit of Fig. 1. Fig. 1 showing the effect of filtering as follows: 
_ with i.f. filter: 
tt te with a.f. filter; 


males tapes — withi.f. and a.f. filters. 


‘7 


5092 60pF Z 
| | 100 pF 
7 | y 7 ' 


' 
i AERIAL | 14 dB) ; 


Fig. 8 Car radio application with inductive tuning. 
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Fig. 9 A.F. output as a function of r.f. input using the circuit of Fig. 8 with that of Fig. 1. 
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40 V'aew (dBuV) 


V'aeu 
(dB pV) 


a a ea See ee nial 
Se 
i ko i 


0 70 

Vetw (dB uv) 
Fig. 10 Suppression of cross-modulation as a function of input signal, measured in the circuit of Fig. 8 
with the input circuit as shown in Fig. 11. Curve is for Wanted Vo(a¢)/Unwanted Vo(af) = 20 GB; 
Vrfw: Vrfu are signals at the aerial input, V’gew, V‘gey are signals at the unloaded output of the aerial. 


Wanted signal (V’ sew, Vrfy): fj = 1 MHz; fp, = 400 Hz; m = 30%. 
Unwanted signal (V'aey, Vrty): fj = 900 KHz; fp, = 400 Hz; m = 30%. 
Effective selectivity of input tuned circuit = 21 dB. 


a. eee ay 


POWER 
SPLITTER 


V' 
t aew 
Vwanted (~.) AERIAL V'aeu to radio 

| (Fig. 8) : input circuit 

| Fig. 11 Input circuit to show 
cross-modulation suppression 
SS (see Fig. 10) 

Vunwanted (~) : : 
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ee Fig. 12 Oscillator amplitude as a 
PTE TT EE function of pin 11, 12 impedance 
SLU EU in the circuit of Fig. 8. 
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2S 
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Fig. 13 Total harmonic distortion and (S + N)/N as functions of r.f. input using the circuit of Fig. 8 
with that of Fig. 1. 
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2 (ref) 


—10 


10 Afic (kHz) 100 
Fig. 14 Forward transfer impedance as a function of intermediate frequency for filters 1 to 4 shown 
in Fig. 15; centre frequency = 455 kHz 
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56 pF 


FILTER 1 


2,2kQ2 


SFZ455A 


3kQ 


56 pF 


SFZ455A 


56 pF 


FILTER 3 


1,2kQ 


i : 
SFZ455A ]12ke 


€ 
L2 
Vp 
au 


100 pF 100 pF 


FILTER 4 


2kQ 


3kQ 


ae 7287715 


Fig. 15 I.F. filter variants applied to the circuit of Fig. 1. For filter data, refer to Table 1. 
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Table 1 Data for |.F. filters shown in Fig. 15. Criterium for adjustment is Z- = maximum (optimum selectivity curve at centre frequency 
fo = 455 kHz). See also Fig. 14. 


iam tt te ee ee 


L1 


430 
13 : (33 + 66) 


L1 


3900 
12 : 32 


Coil data 


3900 
15:31 


Value of C 
N1: N2 
Diameter of Cu 


laminated wire 0,09 0,09 mm 
Qo 65 (typ.) 75 
Schematic* ® r © e ® c° 29 
of | 1 2) (° 32 1 5) (s 31 28) e 
windings e e e e e e 
(N1) (N2) 


Toko order no. 7XNS-A7523DY L7PES-AO060BTG 7XNS-A7518DY 7XNS-A7521AlH 7XNS-A7519DY 


Resonators 


Murata type SFZ455A SFZ455A SFZ455A SFT455B 


D (typical value) 
Rg Ri 

Bandwidth (—3 dB) 
S9k Hz 


Filter data 

Z| 

Op 52 (L1) 18 (L2) 
ZF 0,68 
Bandwidth (—3 dB) 3,6 

S9kHz 36 

S18kHz 54 

S27kHz 66 


* The beginning of an arrow indicates the beginning of a winding; N1 is always the inner winding, N2 the outer winding. 
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7Z87718 


standby VB fosc 
switch 


Fig. 16 Printed-circuit board component side, showing component layout. For circuit diagram see Fig. 1. 


7287717 
Fig. 17 Printed-circuit board showing track side. 
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BF 410D 


Vp 12k2. Vo (af) 


10 nF ae 3,3 nF All 
standby switch 7 7 7 
7Z87716 


(1) Values of capacitors depend on the selected group of capacitive diodes BB112. 
(2) For i.f. filter and coil data refer to Fig. 1. 


Fig. 18 Car radio application with capacitive diode tuning and electronic MW/LW switching. The circuit includes pre-stage a.g.c. optimised for 
good large-signal handling. 
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16-LEAD DUAL IN-LINE; PLASTIC (SOT-38) 


22 max +— 8,25max ———> 
2 
i*] 
= ' 
e 4,7 
5 max 
% ¥051 | 


/ 
/ (2.54) | 


8,3 72550418 


‘ Positional accuracy. 
(Vv) Maximum Material Condition. 


(1) Centre-lines of all leads are 
within 0,127 mm of the nominal 
position shown: in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


top view 


(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 

Dimensions in mm 


SOLDERING 


1. By hand 


Apply the soldering iron below the seating plane (or not more than 2 mm above it). 
If its temperature is below 300 °C it must not be in contact for more than 10 seconds; if between 
300 °C and 400 °C, for not more than 5 seconds. 


2. By dip or wave 


The maximum permissible temperature of the solder is 260 °C; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 
must not exceed 5 seconds. 

The device may be mounted up to the seating plane, but the temperature of the plastic body must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis- 
sible limit. 


3. Repairing soldered joints 


The same precautions and limits apply as in (1) above. 
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The TEA5550 is an a.m. radio circuit, primarily intended for use in car radios. 
The IC can reduce the costs in a car radio due to the following features: — 


® minimum periphery 

® no extra r.f.-prestage is necessary 

® ceramic i.f. filter is used 

®@ simple on/off switching method allows inexpensive band switching in a.m./f.m. radios 


The TEA5550 incorporates the following functions: 


a double balanced mixer with large signal handling range and common mode rejection properties 
a ‘one-pin’ oscillator, permitting the use of variable capacitance diode tuning. 

an i.f. amplifier, designed for ceramic filters 

an a.m. envelope detector 

a.g.c. stages 

a voltage stabilizer, for supplying the internal circuit current and an external current up to 20 mA 
a simple d.c. switch for a.m./f.m. radios 


QUICK REFERENCE DATA 


Supply voltage range; unstabilized (pin 8) | Vp 10,2 to 18 V 
Supply voltage; stabilized (pin 9)* Vstab typ. 7,5to9 V 
Ambient temperature Tamb _ tYP. 25 °C 
Supply voltage (pin 8) Vp typ. 14,4 V 


R.F. condition: fj = 1 MHz; m = 0,3; fry = 1 KHz 


R.F. input voltage (pin 1) 


Vo =30mvV Vj typ. 4 pv 

S/N = 26 dB Vj typ. 16 pV 

S/N = 46 dB Vj typ. 160 uv 
A.F. output voltage (pin 10) 

Vj; = 10 mV Vo typ. 180 mV 
Total harmonic distortion over most of the a.g.c. range; m = 0,8 THD typ. 1,2 % 


R.F. signal handling 
THD = 10%; m=0,8 Vj typ. 400 mV 


A.G.C. range; change of r.f. input voltage 
for 10 dB change of a.f. output voltage 
(reference Vj;1 = 200 mV) Vi1/Vi2_ typ. 86 dB 


* Pins 8 and 9 have to be short-circuited externally. 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT-38). 
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Fig. 1 Block diagram. 


HNOAID CIP WIV 


OSSSVAL 


SIONPOld JOSOU!] SOHOUBIS 


UOHOOWIOedsS JONPOld 


Signetics Linear Products Product Specification 


AM Radio Circuit TDA5550 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltages 


pin 8 Vp = V9-16 max. 24 V 

pin 3 V3-16 max. 24 V 
Non-repetitive peak output current (pin 9) losm max. 100 mA 
Total power dissipation Prot max. 1100 mW 
Storage temperature Tstg —65 to+ 150 °C 
Operating ambient temperature Tamb —30 to +85 °C 
Note 


Pins 4, 5, 12 and 13 are not allowed to be connected. 


D.C. CHARACTERISTICS at Vj; = 0 
Vp = 14,4 V; Tamb = 25 OC; measured in Fig. 2 


Supply voltage range (unstabilized) * Vp 10,2 to 18 V 
. typ. 8,7 V 

Voltage at pin 9; —lg =0 V9.16 = Vstab 81092 V 
Change in stabilization voltage (pin 9) 

at —lg =O to 20mA AV9.16 =AVstab _ tYP. 50 mV 

at Vp = 10,2 to 14,4 V AV9.16 =AVstab  tYP. 300 mV 
Voltage at pin 10 V10-16 typ. 1,1 V 
Voltage at pins 1 and 2 V4-16 = V2-16 typ. 5,0 V 
Voltage at pin 15 V15-16 typ.  Vetab 
Total supply current; —lg = 0 ltot typ. 20 mA 
Current drain | 

pin3 | I3 typ. 1 mA 

pin 15 7 lis typ. 0,2 mA 
Current supplied from pin 9 —lg < 20 mA 
Power consumption; —lg = 0 P typ. 300 mW 


* A stabilized supply voltage of 7,5 to 9 V can also be applied at pin 9 (pin 8 short-circuited to pin 9). 


September 1985 - 6-112 


Signetics Linear Products Product Specification 


AM Radio Circuit TDA5550 


A.C. CHARACTERISTICS 


Vp = 14,4 V; Tamb = 25 OC; r.f. condition: fj = 1 MHz, m = 0,3, fr, = 1 KHz; transfer impedance of 
the i.f. filter Z¢, = vg/ig = 850 &2 (loaded with 3 kQ); measured in Fig. 2; unless otherwise specified 


R.F. input voltage; Vo = 30 mV Vj 1,5 to6,5 ywV 
R.F. sensitivity at Rg = 25 Q for: 
S +N/N =6 dB Vj typ. 1,3 wv 
S + N/N = 20 dB Vi typ. 8 ywV 
S +N/N = 26 dB V; Pe Bony 
I < 20 wV 
S + N/N = 46 dB Vj typ. 160 pV 
S + N/N = 50 dB Vj typ. 350 pV 
Input conductance at pin 1 
Vj; = 0,1 mV Die typ. 0,2 mS 
Vj = 100 mV Die typ. 0,1 mS 
Input conductance at pin 6 Die typ. 0.3 mS 
Output capacitance at pin 15 Coe typ. 20 pF 
A.G.C. range; change of r.f. input voltage for 10 dB 
change of a.f. output voltage (reference Vj1 = 200 mV) Vi1/Vi2 ‘typ. 86 dB 
ae aioe ei | S 140 mv 
| Oo typ. 180 mV 
Spread of a.f. output voltage AVo typ. +2 dB 
A.F. output impedance (pin 10) |Zo | typ. 2,7 kQ 
Total harmonic distortion at m = 0,8 
Vj = 16 wV THD < 2,5 % 
over most of the a.g.c. range (see also Figs 3 and 10) THD typ. 1,2 % 
Vj; =25mV THD typ. 3,5 % 
R.F. signal h ili 
a gals rial vo > 880-mv 
; , I typ. 400 mV 
z 2 20 dB* 
|.F. suppression at Vg = 30 mV a typ 35 dB* 
Oscillator voltage 
zs ms typ. 250 mV 
V9-16 = 8 V; foge = 1468 kHz V15-8 < 300 mV 


V; 
* a= 20 log va , where: Vjq is input voltage at f = 468 kHz and Vjp is input voltage at f = 1 MHz. 
ib 
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Coil data 
220 L1 a Ate, cogent _ 
pF ce C10 L1 = 47 wH; OQ, = 100; N4_3 = 35 (0,1 posyn) BR7 
60 pF 470nF L2 = 0,64 mH; Og = 110; catalogue no. 3122 138 91481 
fosc = 1468kHz yp N4.3 = 146 N4-2 = 33 
No.3 = 113 N4-6 =9 


The transfer impedance of the i.f. filter is: 
4tr = ve/ig = 850 Q (RL =3 kQ). 


Fig. 2 AM test circuit. 
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APPLICATION INFORMATION 


Figures 4 and 7 show the circuit diagrams of single-tuned and double-tuned AM channels respectively, 
using the TEA5550 and an r.f.-tuning unit (type ALPS). The i.f. filter consists of a single-tuned coil in 
combination with a ceramic filter (type SFT468). 


Typical performance (measured in Figs 4 and 7) 
Vp = 14,4 V; Tamb = 25 °C; aerial signal conditions: fg = 1 MHz; m = 0,3; frp = 1 kHz (dummy aerial 
as shown in Figs 4 and 7) 

Fig. 4 Fig. 6 
single-tuning | double-tuning 


R.F. input voltage for: 


§+N/N=6dB Vj uv 
S + N/N = 26 dB Vj pV 
A.F. output voltage (Ry = R6 = 22 kQ) 
Vj =1mvV Vo mV 
Signal-to-noise ratio 
Vi=1mvV S/N dB 
A.G.C. range; change of r.f. input voltage 
for 10 dB change of a.f. output voltage 
(reference Vj; = 200 mV); see Figs 3 and 10 Vi4/Vi2 dB 
R.F. signal handling capability 
THD < 10%; m = 0,8; see Figs 3 and 10 Vj V 
Total harmonic distortion (over most of 
the a.g.c. range); m = 0,8; see Figs 3 and 10 THD % 
Oscillator voltage 
measured across the tank circuit Vosc mV 
Total selectivity (r.f. and i.f.) Sg dB 
Total bandwidth (r.f. and i.f.) B3qB kHz 
|.F. suppression at V; = 20 nV 
tuned frequency = 600 kHz a dB 
= 1600 kHz a dB 
Image rejection at Vj = 20 uV 
tuned frequency = 600 kHz dB 
= 1000 kHz dB 
= 1400 kHz dB 
Whistle at Vj = 5 mV 
2 x i.f.-tweet dB 
3 x i.f.-tweet dB 
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Fig. 3 Typical signal and noise output voltages (Vo is a.f. output voltage) as a function of the input voltage Vj. Also shown is the total harmonic 


distortion (THD). These curves are for a single-tuned AM channel; the dummy aerial is as shown in Fig. 4; fg = 1 MHz; fry 


(unless otherwise specified). 
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Fig. 4 Typical application circuit diagram for a single-tuned AM channel in car radio receivers using the TEA5550; S is AM/FM switch: for 
printed-circuit board see Figs 5 and 6. 


Coil data: L1, L2 = tuning coils, ALPS unit MMK IIEII (for coil connections see Fig. 5) 


L3 = trimming coil (4,7 wH); catalogue number 3122 138 27460 
L4 = padding coil (200 wH); catalogue number 3111 118 23510 
L5 = j.f. coil; catalogue number 3122 138 91481 
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TDASSSO 


7 aerial signal 
input generator 


Fig. 5 Printed-circuit board component side, showing component layout. 


For circuit diagram see Fig. 4. 
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Fig. 6 Printed-circuit board showing track side. 
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Fig. 7 Typical applica 
printed-circuit board see Figs 8 and 9. 
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Coil data: L1g, L1p, L2 = tuning coils, ALPS unit MMK IIEI! (for coil connections see Fig. 8) 


L3 = trimming coil (4,7 wH); catalogue number 3122 138 27460 
L4 = padding coil (200 wH); catalogue number 3111 118 23510 
L5 = j.f. coil; catalogue number 3122 138 91481 
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7Z84962 
aerial signal 
input generator 


Fig. 8 Printed-circuit board component side, showing component layout. 
For circuit diagram see Fig. 7. | 
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Fig. 9 Printed-circuit board showing track side. 
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Fig. 10 Typical signal and noise output voltages (V, is a.f. output voltage) as a function of the input voltage Vj. Also shown is the total harmonic 


distortion (THD). These curves are for adouble-tuned AM channel; the dummy aerial is shown in Fig. 7; fg = 1 MHz; fp, = 1 KHz; m 


(unless otherwise specified). 


5-121 September 1985 


Signetics Linear Products Product Specification 


AM/FM Radio Receiver Circuit | TEA5570 


GENERAL DESCRIPTION 


The TEA5570 is a monolithic integrated radio circuit for use in portable receivers and clock radios. 

The IC is also applicable to mains-fed AM and AM/FM receivers and car radio-receivers. Apart from 

the AM/FM switch function the IC incorporates for AM a double balanced mixer, ‘one-pin’ oscillator, i.f. 
amplifier with a.g.c. and detector, and a level detector for tuning indication. The FM circuitry comprises 
i.f. stages with a symmetrical limiter for a ratio detector. A level detector for mono/stereo switch 
information and/or indication complete the FM part. 


Features 


@ Simple d.c. switching for AM to FM by only one d.c. contact to ground (no switch contacts in the 
i.f. channel, a.f. or level detector outputs) 

AM and FM gain control 

Low current consumption (lto¢ = 6 mA) 

Low voltage operation (Vp = 2,7 to 9 V) 

Ability to handle large AM signals; good i.f. suppression 

Applicable for inductive, capacitive and diode tuning 

Double smoothing of a.g.c. line 

Short-wave range up to 30 MHz 

Lumped or distributed i.f. selectivity with coil and/or ceramic filters 
AM and a.g.c. output voltage control 

Distribution of PCB wiring provides good frequency stability 
Economic design for ‘AM only’ receivers 


QUICK REFERENCE DATA (at Tamp = 25 °C) 


Supply voltage } Vp=V7.16 _ typ. 54 V 
Supply current | I7 typ. 6,2 mA 
AM performance (pin 2) for m = 0,3 
Sensitivity 

atVg =10mV Vj . typ. 1,/ uV 

at S/N = 26 dB | Vj typ. 16 wV 
A.F. output voltage at Vj = 1 mV Vo typ. 100 mV 
Total harmonic distortion at Vj =1mV | THD typ. 0,5 % 
FM performance (pin 1) for Af = + 22,5 kHz 

limiting sensitivity, —3 dB Vj typ. 110 pV 
Signal-to-noise ratio for Vj = 1 mV | S/N typ. 65 dB 
A.F. output voltage at Vj = 1 mV 3 Vo typ. 100 mV 
Total harmonic distortion at Vj = 1 mV THD typ. 03 % 
AM suppression at Vj = 10 mV — | AMS typ. 50 dB 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT-38). 
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AM/FM Radio Receiver Circuit TEASS70 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 7) Vp=V7.16 max. 12 V 
Voltage at pins 4, 5,9 and 10 to pin 16 (ground) Vn-16 max. 12 V 
Voltage range at pin 8 V8.16 Vp+0,5 V 
Current into pin 5 I5 max. 3 mA 
Total power dissipation Prot see Fig. 2 
Storage temperature range Tstg —55 to +150 °C 
Operating ambient temperature range Tamb —30to +85 °C 

1,2 7287208 


—50 0 50 100 150 
Tamb (°C) 


Fig. 2 Power derating curve. 
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D.C. CHARACTERISTICS 
Vp =6 V; Tamb = 25 °C; measured in Fig. 10; unless otherwise specified 


Supply (pin 7) 
Supply voltage (note 1) 


Voltages 
at pin 1 (FM) 
at pin 1; -Il7 = 50 uA (FM) 
at pins 2 and 3 (AM) 
at pin 6 
at pin 11 
at pin 13 
at pin 14 


Currents 

Supply current 

Current supplied from pin 1 (FM) 
Current supplied from pin 12 
Current supplied from pin 15 
Current into pin 4 (AM) 

Current into pin 5 (FM) (note 4) 
Current into pin 8 (AM) 

Current into pins 9, 10 (FM) 


Current into pin 14 


Power consumption 
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AM/FM Radio Receiver Circuit a TEAS570 


A.C. CHARACTERISTICS 
AM performance 


~ Vp =6 V; Tamb = 29 OC; r.f. condition: f; = 1 MHz, m = 0,3, fp; = 1 KHz; transfer impedance of the 
if. filter |Zt-| =ve/l4 = 2,7 kQ; measured in Fig. 10; unless otherwise specified 


R.F. sensitivity (pin 2) 


at Vo = 30 mV 
atS+N/N= 6dB 
at S + N/N = 26 dB 
at S + N/N = 50 dB 


Signal handling (THD < 10% at m = 0,8) 
A.F. output voltage at Vj = 1 mV 


Total harmonic distortion 
at Vj = 100 nV to 100 mV (m = 0,3) 
atVj= 2mV (m=0,8) 
at Vj = 200 mV (m = 0,8) 
|.F. suppression at Vg = 30 mV (note 2) 
Oscillator voltage (pin 8; note 3) 
at fose = 1455 kHz 


Indicator current (pin 12) at Vj =1mV 


FM performance 


Vp =6 V; Tamb = 25 OC; i.f. condition: fj = 10,7 MHz, Af = + 22,5 kHz, fp, = 1 kHz; transfer imped- 
ance of the i.f. filter |Z+,/ = vg/i5 = 275 2; measured in Fig. 10; unless otherwise specified 


parameter 


I.F. part 
|.F. sensitivity (adjustable; note 4) 
Input voltage 


at —3 dB before limiting 
at S + N/N = 26 dB 
at S + N/N = 65 dB 


A.F. output voltage at Vj = 1 mV 
Total harmonic distortion at Vj = 1 mV 
AM suppression (note 5) 


Indicator/level detector (pin 12) 
Indicator current 


D.C. output voltage 
at V; = 300 pV 
atVj= 2mV 


AM to FM switch 


Switching current at V3-16 <1V 
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Notes to characteristics 
1. Oscillator operates at V7.46 > 2,25 V. 


V: 
2. |.F. suppression is defined as the ratio a = 20 log Vo where: Vj1 is the input voltage at f = 455 kHz 
| 
and Vj9 is the input voltage at f = 1 MHz. 
3. Oscillator voltage at pin 8 can be preset by Rose (see Fig. 10). 


4. Maximum current into pin 5 can be adjusted by R1 (see Fig. 10); 
V2. 
I5 = = --l3g when V3.16 = 800 mV; I3 = 400 HA. 


5. AM suppression is measured with f,, = 1 kHz, m = 0,3 for AM; f,, = 400 Hz, Af = + 22,5 kHz for FM. 


Facility adaptation 
Facility adaptation is achieved as follows (see Fig. 10): 


Facility Component 
‘atht V3-16 
FM sensitivity R1 fixes the current at pin 5 (I5 = “pq 400 pA) 
(gain adjustable + 10 dB; see note 4) 
AM sensitivity R11 and coil tapping 
AM oscillator biasing Rose 
AM output voltage R7, R11 
AM a.g.c. setting R7 


adem named en eee 
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Fig. 3 Signal, noise and distortion as a 
function of input voltage (Vj). Measured 
at fj = 1 MHz in test circuit Fig. 10. 
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sensitivity (Vj) at Vo = 30 V; m = 0,3: 
6,0 V application. 


ee sensitivity (Vj) at Vo = 30 mV; m = 0,3: 


4,5 V application. 
——-—- output voltage (Vo) at Vj 
m = 0,3. 
Fig. 5 Sensitivity (Vj) and output voltage (Vo) 
as a function of supply voltage (Vp). Measured 


=0,2 mV; 


at fj = 1 MHz in test circuit Fig. 10, for applica- 


tion Vp = 6 V. Also shown is the sensitivity for 
Vp = 4,5 V application (Fig. 16). 
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FM 6 7287212 


sensitivity at —3 dB limiting. 
———- output voltage (V_) at Vj = 1 mV; 

Af = + 22 kHz. 
Fig. 7 Sensitivity (V;), output voltage (Vo) as a 
function of temperature behaviour (Tamp). Meas- 
ured at fj = 10,7 MHz in test circuit Fig. 10. 
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Tamb (°C) 


FM 7Z87210 


sensitivity at —3 dB limiting: Vp = 6,0 V 
application. 

a sensitivity at —3 dB limiting: Vp = 4,5 V 
application. 

———- output voltage (Vo) at Vj = 1 mV; 

Af = + 22,5 kHz. 

Fig. 8 Sensitivity (Vj) and output voltage (Vo) 
as a function of supply voltage (Vp). Measured 
at fj = 10,7 MHz in test circuit Fig. 10. 


Fig. 9 Indicator output current (149) and d.c. 
output voltage (V49.46): AM f; = 1 MHz; 

FM f; = 10,7 MHz asa function of input voltage 
(V;). Measured in Fig. 10; Vp =6 V; 

R12-16 = 9 k&2. 


V; (dB ut) 
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Coil data 


The transfer impedance of the i.f. filter is: 
AM: |Zerl =v6/ig = 2,7 kQ (SFZ 455A). 
FM: iZtrl=ve/i5 = 275 Q (SFE 10,7 MS). 
See also Figs 11, 12, 13 and 14. 

Fig. 10 Test circuit. 
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AM/FM Radio Receiver Circuit — JTEA5570 
COIL DATA 
AM i.f. coils (Fig. 10) 
j N1 = 73 
N2 = 73 
N3 N3 = 9 
C16 = 180 pF (internal) 
NS Wire = 0,07 mm dia. 


Fig. 11 1.F. bandpass filter (L1). TOKO sample no. 7 MC-7 P. 


3 4 
N1 N2 N1 
N2 

1 6 


7287206 Wire 


90 
7 
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Fig. 12 Oscillator coil (L2). TOKO sample no. 7 BR-7 P. 


FM i.f. coils (Fig. 10) 


5 


ae * Na 5 
3 Nt N3 N3 4 

C19 = 82 pF (internal) 
1 6 Wire = 0,1 mm dia. 


7287205 


Fig. 13 Primary ratio detector coil (L3), TOKO sample no. 119 AN-7 P. 


N1 = 


ee: 
C20 
2 ee N1 N3 = 6 
C20 = 68 pF (internal) 
1o— 6 Wire = 0,1 mm dia. 
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Fig. 14 Secondary ratio detector coil (L4). TOKO sample no. 119 AN-7 P. 
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APPLICATION INFORMATION 


Figs 15 and 17 show the circuit diagrams for the application of 6 V AM MW/LW and 4,5 V AM/FM channels respectively, using the TEA5570. 
Fig. 16 shows the circuitry of the TEA5570. 


saa~«BV) 


C10 i R3 detector 


N2 0 
tone TEA5570 ie nF Lska = SutPul 
N2 ‘ ' 
C3 % 
22 nF —+5C R4 
7 ee Teer llezea 
ti cheer eee WW ON OL 7 7 
180 pF L5 
Cosc N2 7 7Z87219 
c . 
f Z 
Z | 7 
RP eel ree ee ee Oe ee ONE tee eT eR, Pa, eT ee eR TO J 
Vg 
Coil data 
L3 N1i= 73 L4 N1= 146 L5 N1=90 
N2= 73 N2= 9 N2= 6 
N3= 9 C =180pF 
C = 180 pF 


Fig. 15 Typical application circuit for 6 V AM MW/LW reception using the TEA5570. 
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APPLICATION INFORMATION (continued) 
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Fig. 16 TEA5570 circuit diagram. " 
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Interference Suppressor TDA‘001B, BT 


GENERAL DESCRIPTION 


The TDA1001B is a monolithic integrated circuit for suppressing interference and noise in FM mono 
and stereo receivers. 


Features 

e@ Active low-pass and high-pass filters 

@ interference pulse detector with adjustable and controllable response sensitivity 

@ Noise detector designed for FM i.f. amplifiers with ratio detectors or quadrature detectors 
® Schmitt trigger for generating an interference suppression pulse 

e Active pilot tone generation (19 kHz) 

® {nternal voltage stabilization 


QUICK REFERENCE DATA 


Supply voltage (pin 9) Vp typ. 12 V 
Supply current (pin 9) Ip typ. 14 mA 
A.F. input signal handling (pin 1) 

(peak-to-peak value) Vi(p-p) typ. 1V 
Input resistance (pin 1) Rj min. 35 kQ 
Voltage gain (V1.46/V6.16) Gy typ. 0,5 dB 
Total harmonic distortion THD typ. 0,25 % 
Bandwidth | B typ. 70 kHz 
Suppression pulse threshold voltage 

(peak value); R73 =0 Vi(tr)OM typ. 19 mV 
Suppression pulse duration ts typ. 27 us 
Supply voltage range (pin 9) Vp 7,5 to 16 V 
Operating ambient temperature range Tamb —30 to +80 °C 


PACKAGE OUTLINE 


TDA1001B: 16-lead DIL; plastic (SOT-38). 
TDA1001BT: 16-lead mini-pack; plastic (SO-16; SOT-109A). 
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Fig. 1 Block diagram. 
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Interference Suppressor TDA‘1004B, BT 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 9) Vp max. 18 V 

Input voltage (pin 1) V 1-16 max. Vp V 

Output current (pin 6) Ig max. 1 mA 
—lg max. 15 mA 

Total power dissipation see derating curves Fig. 2 

Storage temperature range Tstg —65 to +150 °C 

Operating ambient temperature range Tamb —30 to +80 °C 

7287172 


Fig. 2 Power derating curves. 

in plastic DIL (SOT-38) package (TDA1001B) 

————- in plastic mini-pack (SO-16; SOT-109A) package (TDA1001BT); mounted on a ceramic 
substrate of 50 x 15x 0,7 mm. 
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CHARACTERISTICS 
Vp = 12 V; Tamb = 25 OC; measured in Fig. 4; unless otherwise specified 


a 


Input stage 


Input impedance (pin 1) 
f = 40 kHz 


Input resistance (pin 1) 
with pin 2 not connected 


Input bias current (pin 1) 
V1-16 =4,8V 


Output resistance (pin 2) 
unloaded 


Internal emitter resistance 


Low-pass amplifier 
Input resistance (pin 3) 
Input bias current (pin 3) 
Output resistance (pin 4) 
Voltage gain (V4/V3) 
Suppression pulse stage 
Input offset current at pin 5 
during the suppression time t, 
Output stage 
Output resistance (pin 6) 
Internal emitter resistance 


Current gain (I5/Ig) 


Pilot tone generation (19 kHz) 
Input impedance (pin 8) | 


Output impedance (pin 7) 
pin 8 open 


Output bias current (pin 7) 
Current gain (17/Ig) 


High-pass amplifier 

Input resistance (pin 15) 
Input bias current (pin 15) 
Output resistance (pin 14) 
Voltage gain (V44/15) 
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Interference Suppressor TDA‘1001B, BT 


a 


A.G.C. amplifier; interference and 
noise detectors 


Internal resistance (pins 13 and 14) R143-14 
Operational threshold voltage 
(uncontrolled); peak value (pin 14) 


of the interference pulse detector 


tV14int m 
tVi4nm 
V11-16M 


of the noise detector 
Output voltage (peak value; pin 11) 


Output control current (pin 12) 
(peak value) 


112M 


Output bias current (pin 12) lo12 


Input threshold voltage for onset 
of control (pin 12) 
(Vi(tr)O + 3 dB) 


V12-9 
or: 


Suppression pulse generation 
(Schmitt trigger) 


Switching threshold (pin 11) 
1: gate disabled 


2: gate enabled 


Switching hysteresis 


Input offset current (pin 11) 


Output current (pin 10) 
gate disabled; peak value 


Reverse output current (pin 10) 


Sensitivity (pin 10) 
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Interference Suppressor TDA‘004B, BT 


APPLICATION INFORMATION 
Vp =12V; Tamb = 25 OC; f = 1 kHz; measured in Fig. 4; unless otherwise specified 


Supply voltage range (pin 9) 


Quiescent supply current (pin 9) = 10 14 ~—18 
Signal path 
D.C. input voltage (pin 1) V 1-16 — 4,5 — 
Input impedance (pin 1); f=40 kHz IZ}4| 35 — — 
D.C. output voltage (pin 6) V6-16 2,4 2,8 _ 
Output resistance (pin 6) Ro6 low-ohmic 
Voltage gain (Vg/V 4) Gy6/1 0 0,5 1 
—3 dB point of low-pass filter f(_3qB) — 70 — 
Sensitivity for THD < 0,5% 

(peak-to-peak value) Vi(p-p) 1,2 1,8 — 
Residual interference pulse after suppression 

(see Fig. 3): pin 7 to ground; 

Vi(tr)M = 100 mV; (peak-to-peak value) V6-16(p-p) | — ~ 3 
Interference suppression at R13 = 0; 

notes 5 and 6; Vi(rms) = 30 mV; f = 19 kHz 

(sinewave); Vi(tr)M = 60 mV; f, = 400 Hz Qint 20 30 — 
Interference processing 
Input signal at pin 1; output signal at pin 10 
Suppression pulse threshold voltage; control 

function OFF (pin 9 connected to pin 12); 

r.m.s. value; note 1 

measured with sinewave input signal 

f = 120 kHz; —-Vipn.g>1V 

at R13 = 2,7 kQ Vi(tr)rms 18 28,5 40 


voltage difference for safe triggering/ 


non-triggering (r.m.s. value) AV i(rms) _ 1 — 

measured with interference pulses 

f = 400 Hz (see Fig. 3); peak value 

at R13 =02 Vi(tr)M — 19 — 

at R13 = 2,7 kQ Vi(tr)M _ 45 = 
Suppression pulse duration (note 2) ts 24 27 30 
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Noise threshold feedback control 
(notes 1 and 3) 


Noise input voltage (r.m.s. value) 
= 120 kHz sinewave 


for V42.9 = 300 mV 


at R13 =02 Vni(rms) 

at R13 = 2,7 kQ Vni(rms) 
for V12-9 = 425 mV (Vi(tr)o + 3 GB) 

at R13 =02 Vni(rms) 


at R13 = 2,7 kQ 


for V2.9 = 560 mV (Vi(tr)o + 20 dB) 
at R13 =0Q 
at R13 = 2,7 kQ 
Amplification control voltage by interference 
intensity (note 4) 
Vi(rms) = 50 mV; f = 19 kHz; 
Vi(tr)M = 300 mV; r.m.s. value 
at repetition frequency f, = 1 kHz 


Vni(rms) 


Vni(rms) 
Vni(rms) 


V 06( rms) 


at repetition frequency f, = 16 kHz V06(rms) 
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Notes to application information 

1. The interference suppression and noise feedback control thresholds can be determined by R13 ora 
capacitive voltage divider at the input of the high-pass filter and they are defined by the following 
formulae: | 
Vi(tr) = (1 + R13/Rs) x Vi(tr)o in which Rg = 2 k&2; 

— V_jy = (1+ R13/Rg) xX Vaig in which Rg = 2 kQ. 

2. The suppression pulse duration is determined by C11 = 2,2 nF and R11 = 6,8 kQQ. 
The characteristic of the noise feedback control is determined by R12 (and R10). 

4. The feedback control of the interference suppression threshold at higher repetition frequencies is 
determined by R10 (and R12). : | 

5. The 19 kHz generator can be adjusted with R7.4g (and R7.g). Adjustment is not required if compo- 
nents with small tolerances are used e.g. AR < 1% and AC < 2%. 

6. Measuring conditions: 
The peak output noise voltage (Vig m, CCITT filter) shall be measured at the output with a de- 
emphazing time T = 50 us (R = 5 kQ, C = 10 nF); the reference value of 0 dB is Vo jnt with the 
19 kHz generator short-circuited (pin 7 grounded). 


+ Vitro 7287173 
(mV) 
1 
SQUARE - WAVE i 7 eas 
INPUT VOLTAGE af 
0 


0 ate ee 
V 
SUPPRESSION 10-9 Seat 07 pee 
PULSE (TRIGGER) (V) 
OUTPUT 


over - shoot of the 
A low - pass filter 
V 1 
OUTPUT aateme fo~ 
VOLTAGE (mV) 
1, offset voltage voltage 
~2 and drift | | 
0 10 20 30 40 50 
time (ys) 


Fig. 3 Measuring signal for interference suppression; at the input (pin 1) a square-wave is applied 
with a duration of ty, = 10 us and with rise and fall times t, = t¢ = 10 ns. 
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HIGH- PASS FILTER 


V 
Ss 
430kQ 4.7 PF mer (10 to 16V) 
eae 
4 4 4 4 
 Jorke ‘i - 
330pFI330pF 330pF 330pF be R11 68Q 220 uF al | 
6,8kQ + 
C11 
We ia cay 22 k&2 10 nF 22nF 220nF 
(4 (4 


to Vp TDA1001B 
aa 
V; iE 
(Rc) 4,7 uF 
82k2 47kQ 47kQ 4,7k2 = =e 
eH OB OT i 
+, 39 
‘ 680.1 680 1,2 68 WE 21 kQ 
pF aati nF wii ii I 
/ ” 7, 4 7287170 
Vo 
LOW-PASS FILTER 19 kHz FILTER 


Fig. 4 Application circuit diagram. 
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FM Mixer Stage TDA1574T 


GENERAL DESCRIPTION 


The TDA1571T is a monolithic integrated circuit which, due to the universal design, can be used in 
various applications such as: 


@ Mixer 

® Modulator 

@ Chopper 

@ AM synchronous demodulator 
@ FM quadrature detector 

®@ Differential amplifier 


QUICK REFERENCE DATA 
For application as a mixer in FM tuners; f; = 98 MHz; foc = 108.7 MHz 
Supply voltage (pins 12 and 13) Vp typ. 15 V 
Total supply current (from Vs) Is typ. 6.5 mA 
input admittance 
at pins 2 and 7 for f = 98 MHz v11 typ. 3.8+j5 mS 
at pins 3 and 5 for f = 108.5 MHz v11 typ. 2.3+j8 mS 
Mixer gain Gmix __tyP. 19,5 dB 
Mixer noise figure F mix typ. 6.5 dB 
1.F. suppression aig typ. 40 dB 
Oscillator suppression at the input osc typ. 46 dB 
Supply voltage range (pins 12 and 13) Vp 4to 25 V 
Operating ambient temperature range Tamb —30 to +80 °C 
PACKAGE OUTLINE 


16-lead mini-pack; plastic (SO-16; SOT-109A). 
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k 
22nF 2 
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Fig. 1 Application circuit diagram of the TDA1571T used as a FM mixer; also used as test circuit for the 
characteristics. 


Data for coil L1: N1=2x 7 turns CuL (0,18 mm) on coil former 
N2 = 1 turn Cul (0.18 mm) on coil former 
Qo = 78 
L2, R2, L3 and R3 are selected for minimum reflection 
r<0,03; R2= R3=1kQ 


N.B.: Unused pins should be grounded. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltages (pins 12 and 13) Vp =V12.9 = V13-16 max. 40 V 
Voltage at pins 2 and 7 V2.9 = V7.16 max. 18 V 
Voltage at pins 3 and 5 V3.2 = V5.7 max. 18 V 
Voltage at pins 3 and 5 V3.9 = V5.16 max. 23 V 
Voltage at pins 12 and 13 V 712-3 = V13-5 max. 18 V 
Voltage between pins 3 and 5 + V3.5 max. 6 V 
Voltage at pins 2 and 7 —V2.1 =—V7.8 max. 6 V 
Current on all pins ln max. 10 mA 
Total power dissipation Prot max. 700 mW 
Storage temperature range | Tstg —55 to +150 °C 
Operating ambient temperature range Tamb —30 to +80 °C 
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CHARACTERISTICS 


f; = 98 MHZ; foc. = 108,7 MHz with Rs = Ry = 50 22; oscillator amplitude Poce = —14 dBm; 
Tamb = 25 °C; measured in test circuit in Fig. 1; unless otherwise specified 


ee es 


Supply voltage 15 
Total supply current 


D.C. supply current output stage 
(pins 12 and 13) 


input admittance 
at pins 2 and 7 for f = 98 MHz 


at pins 3 and 5 for f = 108,7 MHz 


Output admittance at pins 12 and 
13 for f = 108,7 MHz 


Conversion transconductance of mixer 
Mixer gain 
Mixer noise figure at Rg’ = 200 92 


I.F. suppression at an input signal 
amplitude P; = —60 dBm 


Oscillator suppression 
at the input 


at the i.f. output 


3,8 +j5 
2,3 + j8 


0,001 + j0.24 
11 

19.5 
6.5 


40 


46 


7287108 


—30 —20 
Pose (dBm) 


Fig. 2 Mixer gain (Gryjx) and mixer noise 
figure (Fryjx) at Rg’ = 200 2 as a function 
of the oscillator amplitude (Pog). 
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GENERAL DESCRIPTION 


The TDA1574 is a monolithic integrated FM tuner circuit designed for use in the r.f./i.f. section of car 
radios and home-receivers. The circuit comprises a mixer, oscillator and a linear i.f. amplifier for signal 
processing, plus the following additional features. 


Features 


@ Keyed automatic gain control (a.g.c.) 
Regulated reference voltage 

Buffered oscillator output 
Electronic standby switch 

Internal buffered mixer driving 


QUICK REFERENCE DATA 


Supply voltage range (pin 15) Vp 7to 16 V 
Mixer input bias voltage (pins 1 and 2) V1,2-4 typ. 1V 
noise figure NF typ. 9 dB 
Oscillator output voltage (pin 6) V6-4 typ. 2V 
Output admittance at pin 6 for f = 108,7 MHz Y22 typ. 1,5+j2 mS 
Oscillator output buffer 
D.C. output voltage (pin 9) V9.4 typ. 6 V 
Total harmonic distortion THD typ. —15 dBC 
Linear i.f. amplifier output voltage (pin 10) V10-4 typ. 3,5 V 
noise figure at Rs = 300 2 NF typ. 6,5 dB 
Keyed a.g.c. output voltage range (pin 18) V18-4 0,5 to Vp—0,3 V 
PACKAGE OUTLINE 


18-lead DIL; plastic (SOT-102HE). 
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Coil data 


L1: TOKO MC-108, 514HNE-150023S 14; L = 0,078 wH 
L2: TOKO MC-111, E516HNS-200057; L = 0,08 wH 
L3: TOKO coil set 7P, N1 = 5,5 + 5,5 turns, N2 = 4 turns 
Fig. 1 Block diagram and test circuit. 
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FM Front End IC | —TDA1574 


FUNCTIONAL DESCRIPTION 
Mixer 


The mixer circuit is a double balanced multiplier with a preamplifier (common base input) to obtain 
a large signal handling range and a low oscillator radiation. 


Oscillator 


The oscillator circuit is an amplifier with a differential input. Voltage regulation is achieved by 
utilizing the symmetrical tanh-transfer-function to obtain low order 2nd harmonics. 


Linear i.f. amplifier 


The i.f. amplifier is a one stage, differential input, wideband amplifier with an output buffer. 


Keyed a.g.c. 


The a.g.c. processor combines narrow- and wideband information via an r.f. level detector, a comparator 
- and an ANDing stage. The level dependent, current sinking output has an active load which sets the 
a.g.c. threshold. fe 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 15) Vp=V15-4 max. 18 V 
Mixer output voltage (pins 16 and 17) V16,17-4 max. 35 V 
Standby switch input voltage (pin 11) V41-4 max. 23 V 
Reference voltage (pin 5) V5.4 max. 7V 
Total power dissipation Prot max. 800 mW 
Storage temperature range T stg —55 to+ 150 °C 
Operating ambient temperature range ~  Tamb —40 to+ 85 °C 


THERMAL RESISTANCE 
From junction to ambient (in free air) Rth j-amb = « 80 K/W 


Note | 
All pins are short-circuit protected to ground. 
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CHARACTERISTICS 


Product Specification 


TDA‘15 74 


Vp = V15-4 = 8,5 V; Tamb = 25 OC; measured in test circuit Fig. 1; unless otherwise specified 


a de 


Supply (pin 15) 

Supply voltage 

Supply current (except mixer) 
Reference voltage (pin 5) 


Mixer 

D.C. characteristics 

Input bias voltage (pins 1 and 2) 
Output voltage (pins 16 and 17) 
Output current (pin 16 + pin 17) 


A.C. characteristics (f; = 98 MHz) 

Noise figure 

Noise figure including transforming network 

3rd order intercept point 

Conversion power gain 

4 (VM(out) 19,7 meee Rs1 
(EMF 1 98 MHz) 2 RML 


Input resistance (pins 1 and 2) 


10 log 


Output capacitance (pins 16 and 17) 


Oscillator 

D.C. characteristics 

Input voltage (pins 7 and 8) 
Output voltage (pin 6) 


A.C. characteristics (fos, = 108,7 MHz) 


Residual FM (Bandwidth 300 Hz to 15 kHz); 
de-emphasis = 50 us 


V1,2-4 
V16,17-4 
lie +117 


NF 
NF 
EMF1\p3 


Gp 


R124 
C16,17 


V7,8-4 
V6-4 


Af 
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Linear i.f. amplifier 
D.C. characteristics 
Input bias voltage (pin 13) V 143-4 
Output voltage (pin 10) V10-4 


A.C. characteristics (f; = 10,7 MHz) 
Input impedance 


R14-13 
C14-13 
Output impedance 
R10-4 
C10.4 
Voltage gain 
Vi0- 
20 loa GyiIF 
Tamb = —40 to + 85 °C AGyiF 
1 dB compression point (r.m.s. value) 
at Vp =8,5V V10-4rms 
at Vp = 7,5 V V10-4rms 
Noise figure 
at Rs = 300 2 NF 
Keyed a.g.c. 
D.C. characteristics 
Output voltage range (pin 18) V 18-4 
A.G.C. output current 
at I3 = or 
V 42-4 = 450 mV; V49.4 = Vp/2 —lig 
atV3.4 =2V and 
V12-4 = 1ViV18-4 = V15-4 l18 
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CHARACTERISTICS (continued) 


oe oe 


Narrowband threshold | 
at V3.4 = 2 V;V712.4 = 550 mV V 18-4 _ _ 1 
at V3.4 = 2 V; V19.4 = 450 mV V18-4 Vp—0,3 ~ — 


A.C. characteristics (f; = 98 MHz) 
Input impedance 


R3.4 — 4 _ 
C3.4 — 3 — 

Wideband threshold (r.m.s. value) 
(see figures 2, 3, 4 and 5) 

at V19.4 = 0,7 V; V19.4 = Vp/9; 148 =0 | EMF2rms _ 19 _ 
Oscillator output buffer (pin 9) 
D.C. output voltage | V9.4 — 6,0 - 
Oscillator output voltage (r.m.s. value) 

at Ry = V9-4rms _ 110 — 

at Ry = 752 V9-4rms 25 — —~ 
D.C. output impedance Rg9.15 — 2,5 — 
Signal purity 
Total harmonic distortion THD — —15 — 
Spurious frequencies 

at EMF1 = 1 V; Rsq = 50 2 fs —_ —35 — 
Electronic standby switch (pin 11) 
Oscillator; linear i.f. amplifier; a.g.c. 

at Tamb = —40 to + 85 OC 
Input switching voltage 

for threshold ON; V49.4 = 2 Vp—3 V V11-4 0 _ 2,3 

for threshold OFF; Vig.4 =<0,5 V V11-4 3,3 — 23 
Input current 

at ON condition; V44.4 =O V —l44 — _ 150 

at OFF condition; V44.4 = 23 V 144 — | _ 10 
Input voltage 

at 114 = V11-4 = = 4,4 
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7Z90310 


Fig. 2 Keyed a.g.c. output voltage V49.4 
as a function of r.m.s. input voltage V3.4. 
Measured in test circuit Fig. 1 

at V49.4=0,7 Vi 148 =¢. 
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Fig. 4 Keyed a.g.c. output current |49 

as a function of r.m.s. input voltage V3.4. 
Measured in test circuit Fig. 1 

at V49.4=0,7V;V194=8,5V. 
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Fig. 3 Keyed a.g.c. output voltage V49.4 
as a function of input voltage V 79.4. 
Measured in test circuit Fig. 1 

at V3.4=2V;l19=¢. 
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Fig. 5 Keyed a.g.c. output current |7¢ 
as a function of input voltage V 49.4. 
Measured in test circuit Fig. 1 

at V3.4=2V;V194=8,5V. 
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APPLICATION INFORMATION 
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Fig.6 1TDA1574 application diagram. 
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FM 1.F (Quadrature Detector) TDA1576 


The TDA1576 is a monolithic integrated f.m./i.f. amplifier circuit provided with the following functions: 
symmetrical limiting i.f. amplifier 

symmetrical quadrature demodulator 

internal muting circuit 

symmetrical a.f.c. output 

field-strength indication output 

detune-detector 

reference voltage output 

electronic smoothing of the supply voltage 

standby on/off switching circuit. 


QUICK REFERENCE DATA 


fo = 10,7 MHz; Af = + 22,5 kHz; f,, = 400 Hz; Q, = 20; de-emphasis 7 = 50 ps 


Supply voltages (pin 1) Vp 8,5 15 V 
Supply current Ip typ. 16 18 mA 


Sensitivity at —3 dB before limiting | Vj typ. 22 pV 
i.F. sensitivity for | 

S + N/N = 26 dB Vj typ. 8 uv 
 S+N/N = 46 dB Vj typ. 35 pv 
A.F. output voltage | Vo typ. 67 | 135 mV 
Total distortion 

single tuned circuit dtot typ. 0,1 %0 

two tuned circuits dot typ. 002 % 
Signal plus noise-to-noise ratio; Vj > 1 mV S+N/N typ. 76 | 80 dB 
A.M. rejection a typ. 50 dB 

; typ 3 kHz 

A.F.C. offset drift | + Af Z 6 kHz 
Field-strength indication range AV; typ. 90 dB 
Permissible indicator (load) current Ie os 2 mA 
Supply voltage range (pin 1) Vp 7,5 to 20 V 
Ambient temperature range | Tamb —30 to +80 °C 
PACKAGE OUTLINE 


18-lead DIL; plastic (SOT-102C). 
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Signetics Linear Products Product Specification 


FM I.F. (Quadrature Detector) ~ TDA1576 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 1) Vp =V 1.18 max. 23 V 
eae —V2-18 max. Vp V 
oer —V9.18 max. OV 
V5-18 max. 23 V 
ape —V5.18 max. OV 
eee V12-18 max. 7V 
at pin 12 -~V 19.48 Sse OV 
at pin 13 V 13-18 max. 6 V 
, V 14-18 max. 23 V 
apis —V 44.18 max. OV 
Total power dissipation Prot max. 800 mW 
Storage temperature range T stg | —55 to+ 150 °C 
Operating ambient temperature range Tamb —30 to +80 °C 


THERMAL RESISTANCE 
From crystal to ambient Rth cr-a = 80 K/W 
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CHARACTERISTICS 


fy = 10,7 MHz; Af = + 22,5 kHz; fp, = 400 Hz; Rs = 60 22; de-emphasis 7 = 50 us (Cg.g = 6,8 nF); 
Tamb = 2D °C; measured in Fig. 1, unless otherwise specified. The demodulator circuit is adjusted at 
minimum 2nd harmonic (dg) distortion: Vj = 1 mV; Af = + 75 kHz. 


Supply voltage range (pin 1) 


Supply current; without load (149 = 143 =0) 


|.F. amplifier/detector 
Sensitivity at —3 dB before limiting 
|.F. sensitivity for 


S + N/N = 26 dB 
S + N/N = 46 dB 


|.F. output voltage (peak-to-peak value) 
Vj = 1 mV; 23-18 = 27-18 = 1 MQ in 


parallel with 10 pF 
|.F. output resistance 


Detector input impedance 


Output resistance 
D.C. output voltage 


A.F. output voltage; Q; = 20 


Total distortion 
single tuned circuit; Q) = 20 
two tuned circuits 
Signal plus noise-to-noise ratio 
B = 250 Hz to 15 kHz; V; > 1 mV 
A.M. rejection; V; = 10 mV 
f.m.: fp, = 70 Hz; Af = + 22,5 kHz 
a.m.: fry = 1kHz;m=0,3 
|.F. input voltage range; a > 40 dB 


Hum suppression at f = 100 Hz 
Vp = V1.1 = 100 mV r.m.s.; 
C9.18 = 47 uF 


A.F.C. tuning slope at Q) = 20 


A.F.C. offset voltages; OQ; = 20 
at Vj =1mV 


at V; = 30 pV to 500 mV 
(reference at 1 mV and muting) 


* Simultaneously measured. 


Ip 


V3-7(p-p) 
R3.7 

R4-6 

C46 

Rg; Rg 

Vg-18 = V9-18 


Vp 


Vp =8,5V 


7,5 to 20 V 


Vp=15V 


typ. 16 18 
10 to 23 12 to 25 
typ. 22 
<< 30 
typ. 8 
typ. 35 
typ. 680 
typ. 250 
typ. 30 
typ. 1 
typ. 3,7 
typ. 5,5 9,8 
typ. 67 135 
60 to 75 120 to 150 
typ. 0,1 
typ. 0,02 
typ. 76 80 
typ. 54 
0,5 to 500 
43 
typ. 48 
typ. 8,5 17 
< 100 200 
typ. 25 50 
< 50 100 


mA 
mA 


uv 


dB 
dB 


mV/kHz 


mV 


mV 
mV 


September 1985 


Signetics Linear Products Product Specification 


FM I.F. (Quadrature Detector) TDA1576 


Field-strength indication 
Vp=85V Vp=15V 


Indicator sensitivity; 144=0 Vi 20 pV to 600 mV | 


Field-strength indicator voltage | 
R73.18 = 3,6 kQ; 144 =0 


| typ. 0 mV 
were | VE=V13-18 200 mV 
typ. 3,6 V 
Vj = 250 mV Ve =V13-18 3,2 to 4,1 V 
Available output current —143 > 2 mA 
Reverse voltage at the output | 
for FM ‘off’; V5.18 > 3,5 V V 13-18 > 5 V 
Detune-detector | 
Quiescent input current; V49.9 = 0 110 ple a. a 
Output voltage range V11-18 1,8 to 5,0 V 
: typ. 0,5 mA 
Available output current 41 0,35 to 0,65 baa. 
Voltage gain: AV 44/A(+ V40.9) 
at 144 = 0,25 mA Gy typ. — 3,3 
Input offset voltage (pin 10) 
at V11-18 = 2,5 V V10-9 typ. 20 mV 
Reference voltage 
Output voltage; —l42 = 1mA Vref = V12-18 typ. 5,1 5,3 V 
Available output current —1492 typ. 2,5 mA 
Standby switch 
Required control voltage within 
the rated ambient temperature and 
supply voltage ranges 
for FM ‘on’ | V5 on < 2 V 
for FM ‘off’ V5 off > 3,5 V 
Input switching current for FM ‘on’ —I5 < 100 WA 
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Fig. 7 Attenuation of output voltage (#V,) as a function of the muting control voltage V11-18: 
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Fig. 8 FM ‘on’/FM ‘off’ stand-by switch; attenuation of output voltage (w#V,) as a function of control 
voltage V5.18.- 
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Fig. 9 Detune-detector output voltage; Vp = 7,5 to 20 V; Q; = 20. 
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TDA1576 560 | 12 390 


ao | 
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Fig. 10 Example of the TDA1576 when using a demodulator with two tuned circuits. Adjustment of 
the demodulator circuit is obtained with an i.f. signal which is higher than the 3 dB limiting level, L2 
should be short-circuited or detuned, L1 should be adjusted to min. d9 distortion, and then L2 to 
min. d9 distortion. Coil data: L1 = L2 = 0,38 wH; Qo = 70; coil former KAN (C). 
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Fig. 11 Total distortion as a function of detuning; f,, = 400 Hz; Cg.9 = 6,8 nF; Af = + 75 kHz; 
Vo = 330 mV for a frequency deviation Af = + 75 kHz. 
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Fig. 12 Application example of using TDA1576. 
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DESCRIPTION 

The TDA provides 1596 i.f. amplification, 
symmetrical quadrature demodulation 
and level detection for quality home and 
car FM radio receivers and is suitable for 
both mono and stereo reception. It may 
also be applied to common frontends, 
stereo decoders and AM receiver cir- 
cuits. 


Advance Information 


TDA1596 


FEATURES 

e Simulated ratio detection 
(internal, field strength + 
detuning - dependent voltage for 
dynamic AF signal muting) 

e Mono/stereo blending and field 
strength indication control 

e Three-state mode switch giving 
FM/FM + mute-off/FM-off 

e Compensation of AF signal total 
harmonic distortion (THD) 

e Two tuning-stop outputs for 
micro-computer tuning control 


e@ internal reference voltage source 


e Built-in hum and ripple rejection 
circuits 


APPLICATIONS 
e FM IF systems 
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REFERENCE DATA | 


PARAMETER 


Positive supply voltage range, V;~45 


Supply current at Vp = 8.5V; lp =17 = OmA, | 


AF output voltage (r.m.s. value) for input signal Vig (ms) = 10MV, V4-415 


Signal-to-noise ratio with input signal Vig¢ms) = 10mV; modulation 
frequency = 400Hz; deviation = 75kHz 


THD with input signal Vig¢ms) = 10mV; modulation frequency = 1kHz; 
deviation = 75kHz; detuning 40kHz without deemphasis; l7 = OmA; 
internal muting on 


TYPICAL TEST CIRCUIT/APPLICATION DIAGRAM 


LF. 
GENERATOR 


TDA 1596 


9 
MUTE 
POWER a ct 100 nF 
SUPPLY 


cal 


OSCIL- 
SELECTIVE 
LOSCOPE | VOLTMETER 
e@ 
t e@ 
| 50 us Pere | AUDIO 
DE-EMPHASIS SP a) i ANALYZER 


AFO1610S 
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FM Radio Circuit TDA7000 


DESCRIPTION FEATURES PIN CONFIGURATION 
The TDA7000 is a monolithic integrated circuit e¢ R.F. input stage 

for mono FM portable radios where aminimum ee Mixer N PACKAGE 
of peripheral components is important (small e Local oscillator 


dimensions and low costs). e |.F. amplifier/limiter 
e Phase demodulator 
The IC has an FLL (Frequency-Locked-Loop) e Mute detector 
system with an intermediate frequency of 70 e« Mute switch 
kHz. The I.F. selectivity is obtained by active 
RC filters. The only function which needs align- 
ment is the resonant circuit for the oscillator, 
thus selecting the reception frequency. 
Spurious reception is avoided by means of a 
mute circuit, which also eliminates too-noisy 
input signals. Special precautions are taken 
to meet the radiation requirements. 
TOP VIEW 


ABSOLUTE MAXIMUM RATINGS 


Muting capacitor 

Audio frequency output 

Noise source 

Loop filter capacitor 

Supply voltage 

VCO 

1st integrator capacitor (to pin 9) 
2nd integrator capacitor 

1st integrator capacitor (to pin 7) 
IF filter capacitor (to pin 11) 

IF filter capacitor 

IF limiter capacitor 

RF input 

Mixer 

Current source capacitor 
Ground 

Demodulator capacitor 
Correlator capacitor 
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FM Radio Circuit TDA7000° 


BLOCK DIAGRAM 


RF INPUT 


Ba CD) SF . IF FILTER 


AF OUTPUT 
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DC ELECTRICAL CHARACTERISTICS = Vcc = 4.5V; T, = 25°C: measured in Figure 3; unless otherwise specified 


TDA7000 


SYMBOL AND PARAMETER TEST CONDITION 


a 
[ip ews eeret | veges [<i 
TT enttrewre [me | Cid 
ee ac 
ee 
PL 8 


V 14-16 Voltage (Pin 14) 
lo Output current (Pin 2) 
V0-16 Output voltage (Pin 2) Ry = 22 kQ 


AC ELECTRICAL CHARACTERISTICS Veco = 4.5 V; T, = 25°C; measured in Figure 3 (mute switch open, enabled); f,, = 96 
MHz (tuned to max. signal at 5 uV e.m.f.) modulated with Af = +22.5 kHz; f, = 1 kHz; 
EMF = 0.2 mV (e.m.f. voltage at a source impedance of 75 2); r.m.s. noise voltage 
measured unweighted (f = 300 Hz to 20 kHz); unless otherwise specified. 


SYMBOL AND PARAMETER TEST CONDITION 


-3 dB limiting; muting disabled 
Sensitivity (see Figure 2) 


EMF (e.m.f. voltage) 


~3 dB muting 
S/N = 26 dB 


EMF Signal handling (e.m.f. voltage) THD < 10%; Af = + 75 kHz 
S/N Signal-to-noise ratio 


Af = +22.5 kHz 
THD Total harmonic distortion 


Af = +75 kHz 


(ratio of the AM output signal referred to the FM 
output signal) 
FM signal: f,, = 1 KHz; Af = +75 kHz 
AM signal: f, = 1 kHz; m = 80% 


RR Ripple rejection (AVcc = 100 mV; f = 1 kHz) 
V6-5(rms) Oscillator voltage (r.m.s. value) (Pin 6) 
Afose Variation of oscillator frequency Supply voltage (AVcoc = 1V) 


S300 


AMS AM suppression of output voltage 


Selectivity 
S_300 


Afi A.F.C. range 


B Audio bandwidth _ AV = 3 dB 
measured with pre-emphasis (t = 50 us) 


Voirms) A.F. output voltage (r.m.s. value) R, = 22 kQ 


Voc = 4.5V 


Voc = 9.0V 
NOTES: 


1. The muting system can be disabled by feeding a current of about 20 A into pin 1. 
2. The interstation noise level can be decreased by choosing a low-value capacitor at pin 3. Silent tuning can be achieved by omitting this capacitor. 


Ri. Load resistance 
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Figure 1. Power Derating Curve. 
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Figure 2. AF output voltage (Vo) and total harmonic distortion (THD) as a function of 
the e.m.f. input voltage (EMF) with a source impedance (Rg) of 75 0: (1) muting 
system enabled; (2) muting system disabled. 


Conditions: 0dB = 75mV; f, = 96 MHz 
. for S + Ncurve: Af = + 22.5 kHz f,, = 1 kHz 
for THD curve: Af = + 75 kHz f, = 1 kHz 


NOTES: 
1. The muting system can be disabled by feeding a current of about 20,A into pin 1. 
2. The interstation noise level can be decreased by choosing a low-value capacitor at pin 3. Silent tuning can be achieved by omitting this capacitor. 
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Figure 3. Test Circuit 
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DESCRIPTION FEATURES PIN CONFIGURATION 


The TDA7010T is a monolithic integrated cir- °¢ R.F. input stage D PACKAGE 

cuit for mono FM portable radios, where a ° Mixer 

minimum of peripheral components is impor- ¢ Local oscillator 

tant (small dimensions and low costs). e 1.F. amplifier/limiter 
. | ¢ Phase demodulator 

The IC has an FLL (Frequency-Locked-Loop) ¢ Mute detector 

system with an intermediate frequency of © Mute switch 

70 kHz. The I.F. selectivity is obtained by ac- 

tive RC filters. The only function which needs 

alignment is the resonant circuit for the 

oscillator, thus selecting the reception fre- 

quency. Spurious reception is avoided by 

means of a mute circuit, which also eliminates 

too noisy input signals. Special precautions are mop Wind 

taken to meet the radiation requirements. 


ABSOLUTE MAXIMUM RATINGS Muting capacitor 


Audio frequency output 
veo 
Vec—0.5 to Vect0.5 1st integrator capacitor (to pin 8) 


1st integrator capacitor (to pin 6) 
IF filter capacitor 

IF limiter capacitor 

RF input 

Mixer 

Current source capacitor 
Ground 

Demodulator capacitor 
Correlator capacitor 
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BLOCK DIAGRAM 


R.F. INPUT 


A.F. OUTPUT 
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DC ELECTRICAL CHARACTERISTICS Vcc = 4.5V; T, = 25°C: measured in Figure 3; unless otherwise specified. 


ls Oscillator Current (Pin 5) 
Vi0-14 Voltage (Pin 12) 
lo Output current (Pin 2) 
Vo.44 Output voltage (Pin 2) R, = 22 kQ 


AC ELECTRICAL CHARACTERISTICS Voc = 4.5 V; T, =25°C; measured in Figure 3 (mute switch open, enabled); fy = 96 
MHz (tuned to max. signal at 5 uV e.m.f.) modulated with Af = +22.5 kHz; f,, = 1 kHz; 
EMF = 0.2 mV (e.m.f. voltage at a source impedance of 75 ); r.m.s. noise voltage 
measured unweighted (f = 300 Hz to 20 kHz); unless otherwise specified. 


SYMBOL AND PARAMETER TEST CONDITION 


TDA7010T 
UNIT 
Typ 


—-3 dB limiting; muting disabled 


Sensitivity (see Figure 2) 


(e.m.f. voltage) —3 dB muting 


EMF 


S/N = 26 dB 


EMF Signal handling (e.m.f. voltage) THD < 10%; Af = + 75 kHz 
HD 


T Total harmonic distortion Af = +22.5 kHz 
Af = +75 kHz 


(ratio of the AM output signal referred to the FM 
output signal) 
FM signal: f,, = 1 kHz; Af = +75 kHz 
AM signal: f,, = 1 kHz; m = 80% 


| RR Ripple rejection (AVog = 100 mV; f = 1 kHz) 


= 
cs 


A 
< 


No = 
on ao 


AMS AM suppression of output voltage 


Vs.4(rms) Oscillator voltage (r.m.s. value) (Pin 5) 
Afose Variation of oscillator frequency 


S300 


Supply voltage (AVoco = 1V) 


Selectivity 


S_300 


Afr A.F.C. range 
B 


AV, = 3 dB 
Audio bandwidth 


A.F. output voltage (r.m.s. value) R, = 22 kQ 


Voyrms) 


Ri Load resistance 
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Figure 2. AF oe voltage (V_) and total harmonic distortion (THD) as a function of the E.M.F. input 
voltage (EMF) with a source impedance (Rg) of 75 2: (1) muting system enabled; (2) muting 
system disabled. 


Conditions: 0 dB = 75mV; fy = 96 MHz 
for S + N curve: Alas 22:5 Bete = 1 kHz 
for THD curve: Af = + 75 kHz: f,, = 1 kHz 


NOTE: 
1. The multing system can be disabled by feeding a current of about 20 ,A into pin 1. 
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Figure 3. Test Circuit 
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GENERAL DESCRIPTION 


The TDA7020T integrated circuit is for FM portable radios, stereo as well as mono, where a minimum 
periphery is important in terms of small dimensions and low cost. The IC has a FLL (Frequency Locked 
Loop) system with an intermediate frequency of 76 kHz. The selectivity is obtained by active RC 
filters. The only function to be tuned is the resonant circuit of the oscillator. Interstation-noise as well 
as noise from receiving weak signals is reduced by a correlation mute system. 


Special precautions have been taken to meet local oscillator radiation requirements. Because of the 

low intermediate frequency, low pass filtering of the MPX signal is required to avoid noise when receiving 
stereo. 50 kHz roll-off compensation, needed because of the low pass characteristic of the FLL, is 
performed by the integrated LF amplifier. For mono application this amplifier can be used to directly 
drive an earphone. The field-strength detector enables field-strength dependent channel separation 
control. 


The TDA7020T includes the following functions: 


@ RF input stage @ Loop amplifier 

@ Mixer @ internal reference circuit 

@ Local oscillator @ LF amplifier for: 

@ IF amplifier/limiter — mono earphone amplifier or 
@ Frequency detector — MPX filter 

@ Mute circuit @ field-strength dependent 


channel separation control facility 


QUICK REFERENCE DATA 


Supply voltage range (pin 4) Vp 1,8to6 V 
Supply current at Vp =3 V Ip typ. 6,3 mA 
RF input frequency range fr¢ 1,5 to 110 MHz 


Sensitivity for —3 dB limiting 
(e.m.f. voltage) 


(source impedance: 75 22; mute disabled) EMF typ. 3 wV 
Signal handling (e.m.f. voltage) 

‘(source impedance: 75 22) EMF typ. 200 mV 
AF output voltage Vo typ. 90 mV 


PACKAGE OUTLINE 
16-lead mini-pack; plastic (SO-16; SOT-109A). 
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Fig. 1 Block diagram. 
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FM Radio Circuit TDA7020T 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 4) Vp max. 7V 
Oscillator voltage (pin 5) V6-5 Vp—0,5toVp+0,5 V 
Total power dissipation see derating curve (Fig. 2) 
Storage temperature range Tstg —55 to+150 °C 
Operating ambient temperature range Tamb —10to +70 °C 

7288980 


Tamb (°C) 


Fig. 2 Power derating curve. 


D.C. CHARACTERISTICS 
Vp =3 V; Tamb = 25 OC; measured in Fig. 4; unless otherwise specified 


parameter 


Supply voltage (pin 4) 


Supply current 
at Vp=3V 


Oscillator current (pin 5) 


Voltage at pin 13 
Output voltage (pin 14) 
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A.C. CHARACTERISTICS MONO 


Vp =3 V: Tamb = 25 °C; measured in Fig. 4; fr¢ = 96 MHz modulated with Af = + 22,5 kHz; fry = 1 kHz; 
EMF = 300 xV (e.m.f. voltage at a source impedance of 75 (2); r.m.s. noise voltage measured unweighted 
(f = 300 Hz to 20 kHz); unless otherwise specified. 


[par Poet inne Pe [nt 


Sensitivity (see Fig. 3) 
(e.m.f. voltage) 
for —3 dB limiting; 
muting disabled 
for —3 dB muting 
for S/N = 26 dB 
Signal handling (e.m.f. voltage) 
for THD < 10%; Af = + 75 kHz 
Signal-to-noise ratio 
Total harmonic distortion 
at Af = + 22,5 kHz 
at Af = + 75 kHz 
AM suppression of output voltage 
(ratio of AM signal: fp», = 1 KHz; 
m = 80% to FM signal: fp, = 1 KHz; 
Af = + 75 kHz) 
Ripple rejection (AVp = 100 mV; 
f = 1 kHz) RR 
Oscillator voltage (pin 5) 


r.m.s. value V5-3(rms) 


Variation of oscillator frequency 
with supply voltage (AVp = 1 V) Afosc/AVp 
_ with temperature Afgsc/AT 
Selectivity S4300 


S_300 
AFC range tAf-¢ 


Mute range tAf,¢ 
Audio bandwidth at AV, = 3 dB 
measured with pre-emphasis (t = 50 ys) 
AF output voltage (r.m.s. value) at 
RL (pin 14) = 100 2; pin 16 open 
AF output current 
max. d.c. load 


max. a.c. load for THD = 10% 
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parameter 


Field strength signal 
EMF= 5yV 


EMF= 50nV 
EMF = 500 pV 


A.C. CHARACTERISTICS 
For STEREO operation (only the difference to MONO is given) 


Vp=3 V; Tamb = 25 °C; measured in Fig. 5; fy¢ = 96 MHz modulated with pilot Af = + 6,75 kHz and 
AF signal Af = + 22,5 kHz; f,, = 1 kHz; EMF = 1 mV (e.m.f. voltage at a source impedance of 75 92); 
r.m.s. noise voltage measured unweighted (f = 300 Hz to 20 kHz); unless otherwise specified. 


parameter 


Sensitivity (Fig. 3) (e.m.f. voltage) 
for S/N = 46 dB 


Signal-to-noise ratio 
Channel separation 

Pilot voltage level at pin 14 
Selectivity 


~ ttt 


|] | PH eRe Bal ae 0 ee ee 
—80 Att at Le 0 
10-6 10-5 10-4 10-3 10-2 10 1 


EMF (V) at ae 752 


Fig. 3 A.F. output voltage (Vg) and total harmonic distortion (THD) as a function of the e.m.f. input 
voltage (EMF) with a source impedance (Rs) of 75 22: (1) muting system enabled; (2) muting system 
disabled. 


Conditions: 0 dB = 100 mV; fr¢ = 96 MHz. 
for S +N curve: Af = + 22,5 kHz; fry = 1 KHz. 
for THD curve: Af = + 75 kHz; fry = 1 KHz. 


Note 
The muting system can be disabled by feeding a current of about 20 pA into pin 2. 
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4 
a.f. field strength 
output EMF 

Le 4 4 fre 4 4 
1 

100 3,3 220 i +. 2, 

“T nF nF pF sae 4.7 nF kQ] | 47 HF 
pF 


TDA7020T 


+Vp 7287779.1 


1) To facilitate the use of high-impedance earphones the AF output can be increased by 5 dB by con- 
nection of the 100 nF capacitor to pin 16. 


Fig. 4 Test circuit for MONO operation. 
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L ae 
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390 
4 pF 4 4 
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kQ 4] BF 
100 
nF 


10 nF 


+Vp 7Z87780.1 


Fig. 5 Test circuit for STEREO operation. 
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GENERAL DESCRIPTION 


The TEA5560 is a monolithic integrated FM/IF system circuit, intended for car radios and home- 
receivers equipped with a ratio detector. 
The system incorporates the following functions: 


a three-stage i.f. limiting amplifier 

a 15 dB field-strength dependent muting circuit 
a field-strength dependent d.c. voltage for e.g.: 
mono/stereo switching 

channel separation control of a stereo decoder 
an indicator (Imax < 1 mA) 

standby ON/OFF switching circuit 


Product Specification 


TEASS60 


a voltage stabilizer, for the internal circuit current and an external current up to 15 mA 


adjustable gain (AG = 15 dB) 


QUICK REFERENCE DATA 


10,2 to 18 V 


25 °C 
14,4 V 
10,7 MHz 


Supply voltage range (pin 6) Vp 
Ambient temperature Tamb 
Supply voltage (pin 6) Vp 
Frequency fo 
Sensitivity (3 dB limiting) Vj 
Signal-to-noise ratio for Vj = 10 mV S/N 
A.F. output voltage at Af = + 22,5kHz Vo 
Total harmonic distortion; Af = + 22,5 kHz THD 


A.M. suppression 


AM signal: m = 0,3; fr, = 1 KHz 
FM signal: Af = + 22,5 kHz; fp, = 70 Hz for Vj = 1 mV AMS 


PACKAGE OUTLINE 
9-lead SIL; plastic (SOT-142). The tab (on top of the package) is connected to pin 9. 
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Fig. 1 Block diagram. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltages 


pin 6 Vp = V6.9 max. 24 V 

pin 7 V7.9 max. 24 V 
Voltage at pin 4 V4-9 max. 6 V 
Voltage at pin 5 V5.9 max. 9 V 
Non-repetitive peak output current (pin 8) —Igsm max. 100 mA 
Total power dissipation Prot max. 1000 mW 
Storage temperature range Tstg —55 to +150 °C 
Operating ambient temperature range Tamb —30 to +85 °C 


THERMAL RESISTANCE 
From junction to ambient (in free air) Rth j-amb = 75 K/W 
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D.C. CHARACTERISTICS 
Vp= 14,4 V; Tamb = 25 OC; measured in Fig. 2; unless otherwise specified 


Supply (pin 6) 
Supply voltage * 


Voltages 


at pin 8; —~lg = 0 ** Vg.9 

at pin 8 when —Ig 

increases from 0 to 15 mA AVg.9 

at pin 8 when Vp 

reduces from 14,4 V to 10,2 V AV¢8.9 

at pin 8 when Vp 

increases from 14,4 V to 18,0 V AVe.9 

at pin 4 (level detector) V4-9 

at pins 1,2 and 3 V123-9 
Currents 
Total supply current; —lg = 0 ltot 
Current supplied from pin 8 —lg 
Stand-by current; V5.9 = 0 Ish 
Current into pin 5 In 
Current into pin 7 I7 
Power consumption 

at —Ilg=0 P 


* A stabilized supply voltage of 7 to 9 V can also be applied at pin 5 and 6 (linked); for this application 
pin 8 must not be connected. 
** The temperature coefficient of the stabilized voltage at pin 8 is typical —2,3 mV/K. 
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A.C, CHARACTERISTICS 


Vp = 14,4 V; Tamb = 25 OC; Vj = 1 mV; fg = 10,7 MHz; Af = + 22,5 kHZ; fry = 1 KHz; measured 
in Fig. 2; unless otherwise specified 


1.F. part and ratio detector 


Sensitivity 
at —3 dB before limiting (pin 1); Vj 
(without muting) * 


Signal-to-noise S + N/S measured in 
a bandwidth of 60 Hz to 15 kHz 
at Vi = 20uV S/N 
at V; = 150 nV S/N 
at Vj=  1ImvV S/N 
at Vj = 10mV S/N 


A.F. output voltage 
Af = + 22,5 kHz Vo 
Af=+75 kHz Vo 
Total harmonic distortion 


Af = + 22,5 kHz THD 
Af=+75 kHz THD 


AM suppression 
fr = 1 kHz; m = 0,3 (for AM) 


fin = 70 kHz; Af = + 22,5 kHz (for FM) 

at Vj = 150 uV AMS 
atVj= 1mvV AMS 
at Vj = 10mV AMS 


Level detector circuit 


D.C. output voltage (pin 4) 
at V; = 200 pV V4.9 
at Vj = 500 nV V4-9 
atVj= ImvV V4.9 
atVj;= 3mV V4-9 
at Vj = 10mV V4.9 


Muting circuit (see also Fig. 5) 


Change in output voltage at Vj = 3 uV 
(with and without muting) * Ayo 


Input voltage at a change in output voltage 
of <1 dB* 
(Vj at @yg <1 dB) Vj 


* With muting V4.9 < 0,3 V; without muting V4_9 = 1,2 to 6 V. 
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Catalogue number of 
detector coils : 
L1: 3122 138 20211 
(TOKO 85ACS -4238A) 
L2: 3122 138 20212 
(TOKO 85ACS -4260SEJ) 


ae 
(Vp = 10,2 to 16 V) 


2,2 nF 


TEAS5560 


standby + 
switch c4, C10 


z 1 4,7 uF 
; R3 ‘f 
+ 
d.c. control voltage} 12 2 & C7 
/ 


(for smooth mono/ kQ 4,7 uF 7Z79955.1 
stereo control ) 
4 


Fig. 2 FM test circuit. 
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mono/stereo 
output 


a.f. 
output 


7Z86868 


+Vp 


Fig. 3 Printed-circuit board component side, showing component layout. For circuit diagram see Fig. 2. 
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Fig. 4 Printed-circuit board showing track side. 
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(1) Without muting. 
(2) With muting. 
Fig. 5 A.F. output voltage (Vo); reference level 0 dB = 1 V, and the total harmonic distortion (THD) 


as a function of the i.f. input voltage (Vj). Measured in the test circuit Fig. 2 at Af = + 22,5 kHz; 
fm = 1 kHz. 
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Fig. 6 Level detector d.c. output voltage (pin 4) as a function of the i.f. input voltage. Measured in 
test circuit Fig. 2. 
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APPLICATION INFORMATION 


Vp (10,2 to 18 V) 4702 c RATIO DETECTOR WITH GERMANIUM DIODES 1 
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(~ 4 
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2 adjust 
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4,7 nF | 1kQ 


‘7 
SIGNAL 
GENERATOR 


ae 


VOLTAGE 
STABILIZER 


TEAS560 


BA315 BA315 


+ 
d.c. control voltage ct 


(for smooth mono/stereo control) i 2,2kQ A 4,7 pF 
‘fo 


‘fo 
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(1) Stereo application 220 pF. 
(2) Stereo application 390 pF. 


Fig. 7 FM channel for (car) radios using the TEA5560 and a ratio detector with AA119 germanium diodes. 
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APPLICATION INFORMATION (continued) 
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(1) Without muting. 
(2) With muting. 
Fig. 8 Signal and noise (S + N) and noise (N); reference level 0 dB = 200 mV, and the total harmonic 


distortion (THD) as a function of the aerial input voltage (V;). Measured in application circuit Fig. 7 
at Af = + 22,5 kHz; f,, = 1 kHz. 


7Z86865 


1 Vi (nV) 103 


Fig. 9 Level detector d.c. output voltage (pin 4) as a function of the aerial input voltage. Measured in 
application circuit Fig. 7. 
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(1) Stereo application 220 pF. 
(2) Stereo application 390 pF. 
(3) Further detailed information of using silicon diodes is available on request. 
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Fig. 10 FM channel for (car) radios using the TEA5560 and a ratio detector with BA281 silicon diodes. 
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Fig. 11 Signal and noise (S + N) and noise (N); reference level 0 dB = 245 mV, AM suppression (AMS) 
and total harmonic distortion (THD) as a function of the aerial input voltage (Vj). Measured in applica 
tion circuit Fig. 10 at Af = + 22,5 kHz; fp, = 1 kHz; for AM suppression m = 0,3; Af = + 22,5 kHz. 
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GENERAL DESCRIPTION 


Product Specification 


TEA6O00 


The TEA6000 is an FM/IF system circuit intended for microcomputer controlled radio receivers. The 
circuit includes an AM/FM-IF counter and an analogue-to-digital interface. The i.f. counter generates 


AM/FM precision tuning and accurate stop information. 


Features 


— 3-stage IF limiter for driving a ratio detector 
— 2-stage level detector with current output 


— operational amplifier for active filtering (e.g. multipath detector) 
— high resolution frequency counter for FM and AM IF-signals 


— time base reference from crystal! oscillator or external source (SAA1057) 


QUICK REFERENCE DATA 


Supply voltages (Vp, and Vp9) 
Supply current; (Ipz + Ip) 


FM/IF sensitivity 
at —3 dB before limiting 
Signal to noise ratio for Vj = 10 mV 


Audio output voltage 
Af = 22,5 kHz; Vj = 1 mV 
Af = 75 kHz; Vj = 1 mV 
AM suppression at V; = 10 mV 
Frequency counter sensitivity 
AM (pin 18) 
FM (pin 16) 
Resolution frequency counter 
AM 
FM 
Power dissipation 
Storage temperature 
Operating ambient temperature 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT-102HE). 
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serial two wire bidirectional computer interface (1? C-bus) 
multiplexed 3 bit A/D converter for two input signals 
— software controlled sensitivity for both ADC inputs 


typ. 8,4 
typ. 36 
typ. 150 
typ. 80 
typ. 170 
typ. 520 
typ. 58 
typ. 60 
typ. 80 
typ. *250 
typ. 6,4 
max. 1300 
—55 to + 150 
—30to +85 
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Fig. 1 Block diagram. 
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FUNCTIONAL DESCRIPTION 


The IF SECTION consists of three balanced differential stages with separated FM and AM inputs, 
directly coupled by emitter followers. The last stage also has separated outputs, which are intended 
for driving a ratio detector and the frequency measuring system respectively. 


The last two stages are coupled via low-value capacitors to two LEVEL DETECTORS which generate 
a signal-dependent d.c. current for controlling channel separation and frequency response of a stereo 
decoder, multipath detector circuitry, AGC and the internal ADC. 


The IF MUTING circuit has been incorporated to decrease the interstation noise by about 15 dB. 


The 3-bit A/D CONVERTER has two inputs, which are selected via two multiplexed analogue switches. 
One of these switches is internally connected to the level detector output but can also serve as an 
external input, as the level detector output can be switched off. The outputs of the ADC are converted 
to a Gray code, latched and reconverted to a binary code to obtain glitch-free output data. The 
sensitivity of both inputs can be selected independently via software on two levels. 


The reference for the ADC is derived from a BAND-GAP STABILIZER circuit. Multipath distortion 
on FM will generate an AM modulation on the d.c. voltage from the level detectors. This AM modu- 
lation can be filtered and rectified to obtain a multipath-dependent d.c. voltage. This voltage can be 
applied to the other input of the ADC. 


To facilitate filtering an OPERATIONAL AMPLIFIER (OPA) is incorporated on the chip. The typical 
circuit diagram for a multipath filter is given in Fig. 4. 


The FREQUENCY COUNTER is preceded by a 7-stage prescaler for FM, and FM/AM selector stage 
and a divider by 1 or 2. The actual counter is a presetable and resetable 8-stage counter with a 3-stage 
data disable overflow counter, which can be switched off. The eight significant output bits are situated 
symmetrically around 10,7 MHz and 460 kHz, when the external timebase source is used (e.g. 
SAA1057). See Table 1. 


The reference for the TIMEBASE is primarily thought to be the SAA1057. This circuit generates from 
its 4 MHz crystal oscillator a 32 or 40 KHz signal. This signal is buffered and applied to the timebase 
circuitry (mode |). The circuit diagram for this mode | is given in Fig. 5a. 

In the timebase, the selection is made for reference frequency (32 to 40 kHz), FM or AM mode and 
the width of the measuring window, all under software control. Accuracy + % bit when the window is 
set to wide (see Fig. 2) and + 1 bit when set to narrow. A special feature is the synchronization of the 
measuring cycle with the input DATA of the |*C-bus, meaning the measuring cycle starts immediately 
after a ‘‘WRITE” instruction via the 1? C-bus. 


For those who do not use the SAA1057 as reference, a 2'® Hz crystal (32 768 Hz) can be connected to 
the reference inputs directly, obtaining a quartz-oscillator reference. See Fig. 5b for the circuit diagram 
for this mode II. 


When the circuit is used in mode II a correction has to be made to the values of window width and 
resolution as the cheap watch crystals differ by about 2,4% from the frequency generated by the 
SAA1057 (32 768 and 32 000 kHz respectively) See Table 2. 


Communication between MUSTI and the microcomputer is accomplished via the two-wire bidirectional 
|?C-bus (slave transceiver version); the SDA (serial data) and SCL (serial clock). 


To prevent crosstalk between the digital and analogue parts of the circuit the power supply lines are 
fully isolated. 
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Fig. 2 Input data format waveforms. 


Input bits 
bit function “0” sa id reference 

to Fig. 2 
1 reference frequency 32 kHz 40 kHz A 
2 sensitivity ADC2 LOW HIGH B 
3 sensitivity ADC1 LOW HIGH C 
4 level detector output off on D 
5 AM/FM AM FM E 
6 overflow counter off on F 
7 measuring window narrow wide G 
8 test mode off on H 
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Fig. 3 Output data format waveforms. 
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Fig. 5 Oscillator/buffer circuits. 
Fig. 4 Multipath detector circuit. X1 = 2'© Hz (32 768 Hz). 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage 


pin 2 Vp1 max. 13,2 V 
pin 12 Vp max. 13,2 V 
Power dissipation Prot max. 1300 mW 
Storage temperature Tstg —55 to+ 150 °C 
Operating ambient temperature Tamb —30to +85 °C 


THERMAL RESISTANCE 
From crystal to ambient Rthea = 50 K/W 


D.C. CHARACTERISTICS 
Vp1 = Vp2 = 8,4 V: Tamb = 25 OC, unless otherwise specified. 


parameter 
Supply voltage 


(pin 2) 
(pin 12) 


Supply current AM mode 


pin 2 
pin 12 
Supply current FM mode 
pin 2 
pin 12 
Power dissipation 


A.C. CHARACTERISTICS (see Fig. 6) 


Vp1 = Vp2 = 8,4 V; V 16.19 = 1 mV; f = 10,7 MHz; Af = 22,5 kHz; fry = 1 KHZ; unless otherwise 
specified. 


Sensitivity 
at —3 dB before limiting 
Signal-to-noise ratio, FM input 
20 pV 
150 wV 
1 mV 


10 mV 


Noise output voltage 
Vj = 0 V; with muting, switch S1 on 
Vj; = 0 V; without muting, S1 off 
Audio output voltage 
Af = 22,5 kHz 
Af=75 kHz 
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A.C. CHARACTERISTICS (continued) 


AM suppression 
ratio of the AM output signal referred 
to the FM signal (m = 0,3) 


Vj = 150 pV 
Vi= imvV 
Vj = 10mV 
V; = 100 mV 


Level detector output voltage (Fig. 4) 
R713-10 = 4,7 k&; Vj = 10 mV, FM mode 
Level detector output voltage slope 
R 13-10 adjusted in FM mode for 
VL = 5,5 V at Vj = 10 mV; f = 10,7 MHz 
V;= OV (pin 16) 


Vj = 140 pV 
Vi= mV 
Vi= 3mvV 


R13-19 adjusted in FM mode (see above) 

V; = OV, f= 460 kHz (pin 18) 

Vi = mV, f = 460 kHz (pin 18) 

Vj = 10 mV, f = 460 kHz (pin 18) 
Frequency counter sensitivity 

AM input voltage (pin 18) 

F M input voltage (pin 16) 

AM input impedance 


BUS inputs 
SDA and SCL (pins 9 and 8) 
input voltage HIGH 
input voltage LOW 
input current HIGH © 
input current LOW 
acknowledge sink current 
maximum input frequency 


Output voltage SDA 
HIGH; 4 kQ2 to 8,4 V 
LOW; |!=2mA 
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TEA6000 


Or 


A/D converter (pin 5 and 13) 
input resistance 
input capacitance 


Trip levels, sensitivity bit HIGH 
level 1 
level 2 
level 3 
level 4 
level 5 
level 6 
level 7 


Trip levels, sensitivity bit LOW 
level 1 
level 2 
level 3 
level 4 
level 5 
level 6 
level 7 


Crystal oscillator (see Fig. 5) 
reference frequency 
temperature coefficient 
input resistance 
input capacitance 


Operational amplifier (pins 6 and 7) 
voltage gain 
input bias current 
output sink current at Vo =1V 
output source current at Vo = 7,4 V 
output voltage swing 


Frequency measuring system (see pages 8 and 9) 
measuring windows; fre¢ = 32 or 40 kHz 
AM 
window ‘‘0”’ (LOW) 
window “1” (HIGH) 
FM 
window “0” (LOW) 
window “1"' (HIGH) 
resolution frequency counter 
AM 
FM 


tgate has to be multiplied by 32 000/32 768 for a fre¢ of 2'° Hz. 
f, has to be multiplied by 32 768/32 000 for a fre¢ of 2'° Hz. 
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t.b.f. kQ 
t.b.f. pF 
0,6 — V 
1,06 — V 
1,38 —_ V 
1,84 ~~ V 
2,14 — V 
2,55 _ V 
2,97 — V 
0,96 — V 
1,78 — V 
2,44 — V 
3,26 _ V 
3,92 — V 
4,63 — V 
5,38 — V 
32,768 | 40 kHz 
t.b.f. 10°° 
t.b.f. kQ 
t.b.f. pF 
104 — 

30 100 nA 
0,2 — mA 
10 — mA 
55 = V + 
4 — ms 
8 — ms 
20 = ms 
40 a ms 
250 — Hz 
6,4 — kHz 
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TABLE 1 REFERENCE FREQUENCY 32 000 Hz (SAA1057)} 


AM READ FM AM - READ FM AM READ FM AM READ FM AM READ FM 
(kHz) OUT (MHz) (kHz) QUT (MHz) (kHz) OUT (MHz) (kHz) OUT (MHz) (kHz) OUT (MHz) 
[------ [ee=<]<--<=- I [------ [-een [ose n- I [one leewnn [eer --- I l------ [ono [eee n I [eneree Loewner ne I 
428-25 *00* $2888 441.00 '33' 10.214 453-75 "66" 102541 466.50 '99' 10.867 479.25 *CC# 11.194 
428.50 "O1*' S$.494 441.225 "34' 10.221 454.00 "67% 102547 466.75 "9A" 10.874 479.50 'CD* 11.200 
428.75 *02* S.90)1 441250 #35 10.227 454.25 "68 10.554 467.00 *'9B* 10-880 479.75 *CE* 11.206 
429.00 *03" &.907 441675 "36" 10.2234 454.50 "69" 10.560 467.25 "9C* 10.886 480200 *"CF* 11.213 
429.25 '04' G.914 442.00 *#37* 10.240 454275 "6A" 19.566 467.50 "9D 10.893 480.25 "D0" 11.219 
429250 *05' G.920 442.25 #38 10.246 455-00 "6B" 19.573 467.75 "GSE* 10.899 480.50 "D1l* 11.226 
429275 "06" GS.926 442.50 #39" 10.253 455.25 "6C* 10.579 468.00 *9F* 10-906 480.75 "D2" 11.232 
430-00 "07% $.933 442.75 "3A" 10.259 455.50 "6D" 10.586 468.25 *"AD® 10-912 481.00 "'D3' 11.238 
430-25 "08" ¢.939 443.00 "3B" 10.266 455.75 "6E* 102592 468.50 *Al* 10.918 481.25 "D4?* 11.245 
430-50 "09% 6$.946 443225 "3C* 10.272 456.00 "6F* 10-598 468.75 "A2* 10.925 481.50 "'D5* 11.251 
430-75 "OA* G.952 443.250 *#3D*' 10.278 456.25 *70* 19.605 469.00 *A3* 10.931 481.75 *D6# 11.258 
431-00 "06" $.958 443-75 *3E* 10.285 456.50 "71' 10.611 469.25 "A4? 10.938 482.00 "'O7* 11.264 
431.25 "0C* $.965 444.00 "3F* 10.291 456.75 "72' 10.618 469.50 "AS* 10.944 482.25 'D8* 11.270 
431-50 "0D" S.971 444.25 '40' 10.298 457.00 "73" 192624 469.75 "A6* 10-950 482.50 "D9 11.277 
431.75 "OEt S.978 444.50 "41 10.304 457225 "74" 159.630 470.00 *"A7* 10-957 482.75 "DA® 11.283 
432.00 "OF* S.984 444.75 *42' 10.310 457.50 "75 19.637 470.25 "A8* 10.963 483.00 'DB* 11.290 
432.25 "10" 6.990 445.00 #43' 10.317 457.75 "76* 109.2643 470.50 "AS? 10.970 483.25 "DC* 11.296 
432.50 "ll*' 6.997 445225 '44' 10.323 458.00 *'77* 10.650 470.75 *AA* 10-976 483.50 "DD* 11.302 
432-75 "12! 10.003 445.50 "45* 10.330 458.25 *'78* 10.656 471.00 "AB* 10.982 483.75 *DE* 11.309 
433-00 #13" 10.010 445.75 '46' 10.336 458.50 '79' 10.662 471.25 "AC" 10-989 484.00 "DF* 11.315 
433.25 "14 10.016 446.00 '47' 10.342 458.75 "7A 10.669 471.50 "AD* 10.995 484.25 "E0* 11.322 
433-50 *15' 10.022 446025 "48! 10.349 459.00 "'7B* 10.2675 471.75 "AE* 11.002 484.50 "£1" 11.328 
433.75 '16' 10.029 446.50 *49' 10.355 459.25 "7C* 19.682 472.00 *AF* 11.008 484.75 "E2* 11.334 
434.00 "17' 10.035 446-75 "4A" 19.362 459.50 "7D" 19.688 472.25 "BOf 11-014 485.00 "E3* 11.341 
434.25 *18' 10.042 447.00 "4B" 10.368 459.75 "7E" 10.694 472.50 'Bl' 11.021 485.25 "£4" 11.347 
434.50 '19' 10.948 447.225 "4C*# 10.374 460.00 "7F* 10.701 472.75 "Be? 11.027 485.50 "E5S* 11.354 
434.75 "1A' 10.954 447.50 *"4D* 10.2381 460.25 *'80' 10.707 473.00 *'B3" 11-034 485.75 "E6* 11.360 
435.00 "1B 10.961 447.75 "4E* 10.387 460.50 *81* 192714 473.25 "B4' 11.040 485.00 "E7* 11.366 
435-25 "1C' 10.067 448.00 "4F* 19.394 460.75 "82 10.720 473.50 "BS* 11.046 486.25 *E8* 11.373 
435-50 "1D' 10.074 448.25 *50* 10.400 461.00 #83" 10.726 473.75 *B6* 11.053 486.50 "E99? 11.379 
435.75 "lEt 10.080 448.50 "51" 10.406 461.25 *84" 10.733 474.00 "B7* 11.059 486.75 tEA® 11.386 
436-00 "1F* 10.086 448.75 *"52* 10.413 461.50 '85' 10.739 474.25 "B88 11.066 487.00 "EB 11.392 
436-25 '20' 10.093 449.00 '53' 10.419 461.75 "86" 10.746 474.50 'B9* 11.072 487.25 *EC® 11.398 
436-50 "21" 10.999 449225 '54* 10.426 462.00 "87* 102752 474.75 "BA 11.078 487.50 "ED* 11.405 
436.75 '22' 10.106 449.50 *#55' 10.2432 462.25 '88' 10.758 475.00 'BB' 11.085 487.75 *EE® 11.411 
437.00 *23' 10.112 449.75 "56" 10.438 462.50 *'89* 10.765 475.25 "BC 11.091 488.00 "EF* 11.418 
437-25 '24' 10.118 450-00 *"S57* 10.445 462.75 "8A 10.771 475.50 *BD' 11.098 488.25 "FO* 11.424 
437-50 *25* 10.2125 450-25 "58" 10.2451 463.00 '8B' 19.778 475.75 "BE* 11.104 488.50 "Flt 11.430 
437-75 "26! 102131 450.250 #59" 10.458 463.25 "8C' 10.784 476.00 'BF* 11.110 488.75 "Fe? 11.437 
438.00 "27' 10.138 450.75 "SA* 10.464 463.50 "8D! 10-790 476.25 'CO* 11.117 489.00 *F3" 11.443 
438.25 '28' 10.144 451.00 "SB* 10.470 463.75 "8E* 10.797 476.50 'Cl* 11.123 489.25 "F4* 11.450 
438.50 '29' 10.150 451.25 *SC* 10.477 464.00 "8F* 10.2803 476.75 *'C2* 11.130 489.50 'F5* 11.456 
438.75 "2A' 10.157 451.50 '5D' 10.483 464.25 "90" 102819 477.00 "C3" 112136 489.75 "F6" 11.462 
439.00 '2B' 10.163 451.75 "SE* 10.490 464.50 "91' 10.816 477.25 "C4* 11.142 490-00 *"F7* 11.469 
439.25 *2C' 10-179 452.00 '"SF* 10.496 464.75 "92" 10.822 477.50 *'CS* 11-149 490.25 "F8t 11.475 
439.50 "'2D' 10.176 452e25 *60' 10.502 465.00 '93' 10.829 477.75 *C6* 11.155 490.50 "F9* 11.482 
439.75 *"2EF' 10.182 452.50 *'61' 10.509 465.25 '94' 10.835 478.00 'C7* 11.2162 490-75 "FA® 11.488 
440.00 "2F*' 10.189 452e75 '62' 10.515 465.50 '95* 10.842 478.25 *'C8* 11.168 491.00 "FB* 11.494 
440.25 *30' 10.2195 453.00 *63* 10.522 465.75 '96* 19.848 478.50 *'C9* 11.174 491.25 "FC 11.501 
440.50 "31" 10.202 453-25 '64' 10.528 466.00 '97' 10.854 478.75 *CA* 11.181 491.50 "FD* 11.507 
440.75 "32" 10.208 453.50 '65' 10.534 466.25 '98! 10.861 479.00 'CB* 11.187 491.75 "FE® 11.514 
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TABLE 2 REFERENCE FREQUENCY 32 768 Hz (2'® Hz) 


AM READ FM AM READ FM AM READ FM AM READ FM AM READ FM 

(kHz) OUT (MHz) (kHz) OUT (MHz) (kHz) OUT (MHz) (kHz) OUT (HMz) (kHz) OUT (MHz) 
[eoer== [ewenn[o----- I leoeere= [eern[orren- I LSS [eee [oor nn- I ]------ Jeree|oore-= I [eer Teerel[----- =I 
438.53 *00" 10.125 451.2573 #33" 10.469 4604.64 "66! 19.794 477.70 #99 11.2128 490-75 *CC* 11.462 
438.78 "01' 10.132 451.44 "34" 10.466 464.90 "'67* 19.800 477.95 "9A* 112135 491.01 "CD* 11.469 
439.04 "02' 10.138 452.10 #35 10.473 465e15 *68* 159.807 478.21 "9B 11.2141 491-26 "CE* 11.475 
439.30 *03* 1€.145 452.35 *'36* 19.479 465464] "69 159.813 478.46 "9C" 112148 491.52 "CF* 11.482 
439.55 #04 10.152 452.6] "37 10.486 465266 "6At 10.820 478.72 "90" 112154 491.78 "DO" 11.488 
439.81 "05" 10.158 452.86 "38" 10.492 465292 "6B 1).8?7 478.98 "9E* 11.161 492-03 "Dl* 11.495 
440.296 *06* 10.165 453-le *'39" 19.499 466.18 "6C* 15.833 479.23 "OF" 11.167 492.29 "D2* 11.502 
440.32 *07* 10.2171 453.38 "3A" 19.2505 466.43 "6D" 19.840 479.49 "AD® 112174 492.54 "D3*' 11.508 
440.58 "08" 10.178 453.63 "3B" 10.512 466.69 "6E* 15.846 479.74 "Al*® 11.2180 492.80 *D4* 11.515 
440-83 "09" 19.184 453.89 "3C# 10.519 4606.94 "6F* 15.853 480.00 "Ae* 11.187 493.06 "DS* 11.521 
441.09 "OA* 16.191 454214 "3D" 19.525 467.220 #70 19.2859 480.26 "A3* 11.2194 493.31 "D6" 11.528 
441.34 "OBt 16.197 454.49) "3E* 10.532 4607.46 #71" 10.866 480.51 "A4* 11-200 493.57 "D7* 11.534 
441.60 "0C* 10.204 454.66 '3F" 19,538 467.71 "72" 10.872 480.77 "AS* 11-207 493.82 "D8? 11.541 
441.86 "0D 10.211 454.91 "40" 10.545 467.97 *73' 102879 481.02 "A6* 11-213 494.08 *'D9* 11.547 
442.11 "OE* 10.217 455.17 "41" 10.551 46Be2e *'74* 11.886 481.28 "A7* 11-220 494.34 *DA* 11.554 
442.37 "OF*® 19.224 455442 "42% 19.558 464.48 #75 10.2892 481.54 "A8B* 114226 494.59 *DB* 11.561 
442.62 "10" 10.230 455264 "43° 19.2564 468-74 "76" 192899 481.79 "A9® 112233 494.85 "DC* 11.567 
442288 "11" 16.237 455294 "449 10.571 4608-99 #778 102.905 482.05 "AA? 112239 495.10 *DD* 11.574 
443.14 "lat 10.243 4562619 "45? 10.573 469eec5 *78' 10.912 482.30 "ABt 11-246 495-36 "DE* 11.580 
443.39 '13" 10.250 456445 *46' 10.544 469.50 "799 10.918 482.56 "ACt 11-253 495.62 'DF* 11.587 
443.65 "14 10.256 456.70 *47# 10.59) 469.76 "TA 106925 482.82 "AD* 11-259 495-87 *E0* 11.593 
443.90 *15' 10.263 456.96 #48* 10.597 4/0202 "7B 102931 483.07 *AE* 11-266 496.13 "El" 11.600 
444.16 "16" 10.269 457.22 *'49* 10.604 470.27 *"7C*# 19.938 483.33 "AF* 11.272 496.38 *E2' 11.696 
444.42 "17" 10.276 457.47 "4A" 10.610 470-53 "7D" 19.2945 483.58 *"BO' 11.279 496.64 *E3' 11.613 
444.67 "18" 10.283 457-73 *4B' 10.617 47020753 "7E* 10295) 483.84 "Blt 11.285 496.90 "E4' 11.620 
444.93 "19" 19.289 457.98 "4C* 10.623 4712694 "7F# 192958 484.10 "Be? 11-292 497.15 "ES? 11.626 
445218 "1A* 10.296 458.24 *4D* 10.630 471230 "80% 10.964 484.35 'B3' 11.298 497-4] *E6* 11.633 
445244 "1B 10.302 458.50 "4EF' 10.636 471.55 *81" 10.97] 484.6] 'B4! 11.305 497.66 "E7* 11.639 
445671) "1C* 10.309 458.75 *4F* 19,643 471.81 "82 10.977 484.86 'BS!' 11.3l2 497.92 "E8* 11.646 
445.95 "1D 10.315 459.01 *50* 10.650 472.06 "83" 10.984 485.le2 "B6' 11.318 498.18 "E9* 11.652 
446.e21 "1E* 10.322 459.26 *'51* 11.656 472-32 *84' 10.2990 485.38 '"B7* 11.325 498.43 "EA® 11.659 
446.46 "1F* 10.328 459.52 *'52* 19,663 472.58 "85 10.997 485.63 "B8* 11.331 498.69 'EB' 11.665 
446.72 '20* 10.335 459.78 *53* 10.669 472-83 "86" 11.003 485.89 "B9' 11.338 494.94 *"EC* 11.672 
446.98 '21* 10.342 460-03 '54* 10.676 473-09 "87* 11.910 486.14 "BA® 11-344 499.20 "ED* 11.679 
447.23 '22' 10.348 460.29 #55" 10.682 473-34 "88" 11.017 486.40 "BB’ 11.351 499-46 "EEt 11.685 
447.49 *"23' 10-355 460-254 *56* 10.689 473.60 "89" 11.023 486.66 *BC' 11.357 499-71 "EF* 11.692 
447-74 "24 10.361 460-80 *57* 10.695 473.86 "8A* 11.030 486.91 'BD* 11.364 499.97 "FO 11.698 
448.00 *25' 10.368 461-06 *'58* 10.702 474.11 '8Bt 11.036 487.17 "BE* 11-370 500022 *"Fl* 11.705 
448.26 '26' 10.374 461.31 #59" 10.709 474.37 *8C* 11.043 487.42 "BFt 11.377 500648 *Fet 11.711 
448.51 "27" 1¢.381] 461.57 "SA® 1lvu.715 414.262 *8D* 11.049 487.68 'CO* 11.384 5000674 *F3* 11.718 
448.77 #28 10.387 461.82 "5B" 19.722 474.88 "8E' 11.056 487.94 "Cl? 11.390 500.99 "F4* 11.724 
449.02 '29' 10.394 462.08 *"5C* 10.728 475.14 '8F* 11.062 488.19 'C2* 11.397 501.25 *FS* 11.731 
449.28 "2A" 10.401 462234 "S5SD* 10.735 475239 "90" 11.069 488.45 'C3* 11.403 501-50 *"F6* 11.737 
449.54 *2B' 10.407 462.59 "SE* 10.741 - 475.65 '91* 11.076 488.70 "'C4* 11.2410 501.76 "F7* 11.744 
449.79 #2C* 10.414 462-85 "SF# 19.748 475.90 "92" 11.082 488.96 'C5* 11.416 502-02 "F8* 11.751 
450-05 *2D* 10.420 463-10 "60" 10.754 476.16 '93' 11.089 489.22 'C6' 11.2423 S02ece7 *F9t 11.757 
450.30 "2E" 10.427 463.36 '61' 10.761 476642 '94* 11.095 489.47 "C7" 11.429 502653 *FA® 11.764 
450.56 '2F* 10.433 463.62 "62 10.768 476.67 '95' 11.102 489.73 "C8" 11.436 502-78 *FB* 11.770 
450.82 "30" 10.440 463.87 63" 10.774 476.93 '96* 11.108 489.98 *'C9* 11.443 503-04 *"FCt 11.777 
451-07 *31* 10.446 464.13 64" 10.781 477.18 "97" 11.2115 490.24 "CA* 11.449 503-30 "FD* 11.783 
451-33 "32* 10.453 464.38 "65" 10.787 477244 '98* 11.121 490.50 'CB' 11.456 503-55 "FE 11.790 
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Signetics Linear Products Product Specification 


‘FMI SystemandComputerinteface = i itsti‘—i—s 
(MUSTI) Circuit TEA6000 


nF 
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El Vo 
4,7 2,2 220 | |47 
kQ 


nF i” ii 
Zi ‘/ /, 


Vp4 = 8,4V 
300k 
22nF 33 pF 
[}-——-+«- oscillator 
‘7 
CJ] x1 = 218 Hz 
Tur oS 
level detector output . + TEA6000 22 pF 
4,7 10 . 
| = SDA 
7 2,2 nF 
{300 kKQ 
100 pF 27022 
Ee! SCL 


10 nF 


BA317 é> és BA317 
(f 


multipath level 
‘G8 i+ |] 50K0 7287377 
L1 = 3122 138 2021/TOKO 85 ACS-4238 A 
L2 = 3122 138 2022/TOKO 85 ACS-4260 SEJ 


Fig. 6 MUSTI test and application circuit. 
Germanium diodes AA119 are required in the test circuit only. 
In a complete FM channel (inclusive FM front end) the silicon diodes BA281 are recommended. 


S open = without muting 


S closed = with muting for measuring purpose only. 
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7287380 
Fig. 7 Track side of printed-circuit board. 


7287379 


Fig. 8 Component side of printed-circuit board. 
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Fig. 9 Level detector output as a function of input voltage. 
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Fig. 10 Slonsl-to-nolse ratio as a function of FM input voltage. 
f, = 10,7 MHz; Af = 22,5 KHZ; frog = 1 KHz; 0 dB = 245 mV. 
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GENERAL DESCRIPTION 


The SAA3004 transmitter IC is designed for infrared remote control systems. It has a total of 448 
commands which are divided into 7 sub-system groups with 64 commands each. The sub-system code 
may be selected by a press button, a slider switch or hard wired. 


The SAA3004 generates the pattern for driving the output stage. These patterns are pulse distance 
coded. The pulses are infrared flashes or modulated. The transmission mode is defined in conjunction 
with the sub-system address. Modulated pulses allow receivers with narrow-band preamplifiers for 
improved noise rejection to be used. Flashed pulses require a wide-band preamplifier within the 
receiver. 


The SAA3004 has the following features: 

Flashed or modulated transmission 

7 sub-system addresses 

Up to 64 commands per sub-system address 
High-current remote output at Vpp = 6 V (—IQy = 40 mA) 
Low number of additional components 

Key release detection by toggle bits 

Very low stand-by current (< 2 uA) 

Operational current < 2 mA at 6 V supply 

Wide supply voltage range (4 to 11 V) 

Ceramic resonator controlled frequency (typ. 450 kHz) 


Encapsulation: 20-lead plastic DIL or 20-lead plastic mini-pack (SO-20) 


PACKAGE OUTLINES 


20-lead DIL; plastic (SOT-146C1). 
20-lead mini-pack; plastic (SO-20; SOT-163AC3). 
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Fig. 1 Transmitter with SAA3004. 


INPUTS AND OUTPUTS 
Key matrix inputs and outputs (DRVON to DRV6N and SENON to SEN6N) 


The transmitter keyboard is arranged as a scanned matrix. The matrix consists of 7 driver outputs and 

7 sense inputs as shown in Fig. 1. The driver outputs DRVON to DRVE6N are open drain N-channel 
transistors and they are conductive in the stand-by mode. The 7 sense inputs (SENON to SEN6N) enable 
the generation of 56 command codes. With 2 external diodes all 64 commands are addressable. The sense 
inputs have P-channel pull-up transistors, so that they are HIGH until they are pulled LOW by connec- 
ting them to an output via a key depression to initiate a code transmission. 


Address mode input (ADRM) 


The sub-system address and the transmission mode are defined by connecting the ADRM input to one 
or more driver outputs (DRVON to DRV6N) of the key matrix. If more than one driver is connected 
to ADRM, they must be decoupled by a diode. This allows the definition of seven sub-system addres- 
ses as shown in Table 3. If driver DRV6N is connected to ADRM the data output format of REMO | is 
modulated or if not connected, flashed. 


The ADRM input has switched pull-up and pull-down loads. In the stand-by mode only the pull-down 
device is active. Whether ADRM is open (sub-system address 0, flashed mode) or connected to the 
driver outputs, this input is LOW and will not cause unwanted dissipation. When the transmitter 
becomes active by presssing a key, the pull-down device is switched off and the pull-up device is 
switched on, so that the applied driver signals are sensed for the decoding of the sub-system address 
and the mode of transmission. 
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The arrangement of the sub-system address coding is such that only the driver DRVnN with the highest 
number (n) defines the sub-system address, e.g. if driver DRV2N and DRVA4N are connected to ADRM, 
only DRVAN will define the sub-system address. This option can be used in transmitters for more than 
one sub-system address. The transmitter may be hard-wired for sub-system address 2 by connecting 
DRV1N to ADRM. If now DRV3N is added to ADRM by a key or a switch, the transmitted sub-system 
address changes to 4. 


A change of the sub-system address will not start a transmission. 


Remote control signal output (REMO) 


The REMO signal output stage is a push-pull type. In the HIGH state a bipolar emitter-follower allows 
a high output current. The timing of the data output format is listed in Tables 1 and 2. 


The information is defined by the distance th between the leading edges of the flashed pulses or the 
first edge of the modulated pulses (see Fig. 3). 


The format of the output data is given in Figs 2 and 3. In the flashed transmission mode the data word 
starts with two toggle bits T1 and TO, followed by three bits for defining the sub-system address S2, $1 
and SO, and six bits F, E, D, C, B and A, which are defined by the selected key. 


In the modulated transmission mode the first toggle bit T1 is replaced by a constant reference time bit 
(REF). This can be used as a reference time for the decoding sequence. 


The toggle bits function as an indication for the decoder that the next instruction has to be considered 
as anew command. 


The codes for the sub-system address and the selected key are given in Tables 3 and 4. 


Oscillator input/output (OSC! and OSCO) 


The external components must be connected to these pins when using an oscillator with a ceramic 
resonator. The oscillator frequency may vary between 400 kHz and 500 kHz as defined by the resonator. 


FUNCTIONAL DESCRIPTION 
Keyboard operation 


In the stand-by mode all drivers (DRVON to DRV6N) are on. Whenever a key is pressed, one or more 
of the sense inputs (SENnN) are tied to ground. This will start the power-up sequence. First the oscil- 
lator is activated and after the debounce time tpg (see Fig. 4) the output drivers (DRVON to DRV6N) 
become active successively. 


Within the first scan cycle the transmission mode, the applied sub-system address and the selected 
command code are sensed and loaded into an internal data latch. In contradiction to the command 
code the sub-system address is sensed only within the first scan cycle. If the applied sub-system 

address is changed while the command key is pressed, the transmitted sub-system address is not altered. 
In a multiple key-stroke sequence (see Fig. 5) the command code is always altered in accordance with 
the sensed key. 


Multiple key-stroke protection 


The keyboard is protected against multiple key-strokes. If more than one key is pressed at the same time, 
the circuit will not generate a new output at REMO (see Fig. 5). In case of a multiple key-stroke the 
scan repetition rate is increased to detect the release of a key as soon as possisle. 


There are two restrictions caused by the special structure of the keyboard matrix: 
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FUNCTIONAL DESCRIPTION (continued) 


— The keys switching to ground (code numbers 7, 15, 23, 31, 39, 47, 55 and 63) and the keys 
connected to SEN5N and SENGN are not covered completely by the multiple key protection. If one 
sense input is switched to ground, further keys on the same sense line are ignored. 

— SENS5N and SENGN are not protected against multiple key-stroke on the same driver line, because 
this condition has been used for the definition of additional codes (code numbers 56 to 63). 


Output sequence (data format) 


The output operation will start when the selected code is found. A burst of pulses, including the latched 
address and command codes, is generated at the output REMO as long as a key is pressed. The format 
of the output pulse train is given in Figs 2 and 3. The operation is terminated by releasing the key or if 
more than one key is pressed at the same time. Once a sequence is started, the transmitted words will 
always be completed after the key is released. 


The toggle bits TO and T1 are incremented if the key is released for a minimum time tpg, (see Fig. 4). 
The toggle bits remain unchanged within a multiple key-stroke sequence. 
SS Se Wee re 


H ‘ 
REMO | | | | | | | | | | | | | f 
L 


data —> - 1 0 1 0 1 0 0 1 0 0 7Z85675 = 
(b) 


Fig. 2 Data format of REMO output; REF = reference time; TO and T1 = toggle bits; SO, S1 and $2 = 
system address; A, B, C, D, E and F = command bits. 

(a) flashed mode: transmission with 2 toggle bits and 3 address bits, followed by 6 command bits 
(pulses are flashed). 

(b) modulated mode: transmission with reference time, 1 toggle bit and 3 address bits, followed by 6 
command bits (pulses are modulated). 
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(1) Flashed pulse. 
(2) Modulated pulse (tpyy = (5 x ty) + tray. 


Fig. 3 REMO output waveform. 
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DEVELOPMENT SAMPLE DATA 


key bouncing 
| [Sere REE | 


closed 


a 


—>| top me 


ao. 


H 


L 


ete 


TDI TTI TTI ene TT 


Fig. 4 Single key-stroke sequence. 
Debounce time: tpg = 4 to9 x To. 
Start time: tst = 5 to 10 x Tg. 
Minimum release time: tre, = To. 
Word distance: ty. 


key bouncing 


closed 
KEY A fill 
released 


KEY B 


closed 


released 


DRVaN 


REMO 


OSCO 


off 


«_— tsw -~> 


—»| top le 
[oe oe tw 


tsp | word key A word key A 


PLAID TTT AT LTT TATTLE OIE TTT TT I I 


Fig. 5 Multiple key-stroke sequence. 


Scan rate multiple key-stroke: tsjy = 6 to 10 x To. 


For tpg, tst and ty see Fig. 4. 


2] 


key A decoded as HIGH 


new word 


key A decoded as LOW 


—>| tpB tgs 


pe aa 


word key B 


[ 


7285674 


7285673 


JOMIUUSUDI] J / | 


VOOEVVS 


SIONPOd JOU] SOUOUBIS 


UOHOO"WIOSdS JONPOld 
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Table 1 Pulse train timing 


To 
ms 
Ul 


flashed 2,53 
modulated 2,53 


fosc 455 kHz tosc = 2,2 US 

tp 4X tosc | flashed pulse width 

tm 12 X tos¢ modulation period 

tML 8Xtosc . modulation period LOW 
tMH 4 x tosc modulation period HIGH 
To 1152 x tose basic unit of pulse distance 
ty 55 296 x tosc word distance 


Table 2 Pulse train separation (tp) 


logic “0” 2xTo 


logic “1” 3x To 
reference time 3x To 
toggle bit time 2x Tg or3x Tg 
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Table 3 Transmission mode and sub-system address selection 


The sub-system address and the transmission mode are defined by connecting the ADRM input to one 
or more driver outputs (DRVON to DRV6N) of the key matrix. If more than one driver is connected to 
ADRM, they must be decoupled by a diode. 


sub-system driver DRVnN 
address forn= 
aE S1 12 3 4 5 6 
F 0 
L 1 
A 2 
S 3 
H 4 
E 5 
D 6 
M 
O 0 O 
D 1 O re) 
U 2 Xx O 
L 3 x O 
A 4 Xx O 
T 5 xX O O = connected to ADRM 
E 6 xX O blank = not connected 
D to ADRM 
xX = don’t care 


cod 


© @ 


— =a = = CO) CO O 
—_— =a OO = OO ow 
-0O-0-0—-O0/p 


8 to 15 
16 to 23 
24 to 31 
32 to 39 
40 to 47 


F 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 48 to 55 


=00=]-=01/00000000!/m 
O=-O0=0-|0O0000000l0 


1 


a 


56 to 63 


* The complete matrix drive as shown above for SENON is also applicable for the matrix sense inputs <-—— 
SEN1N to SEN6N and the combined SEN5N/SENE6N. 


** The C, B and A codes are identical to SENON as given above. eT 
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Vop 
119] DRV6N 
118] DRVSN 


DRV4N 
DRV3N 
115 | DRV2N 
14] DRVIN 


DRVON 


SAA3004 


OSCO 


OSCI 


7285677 


Fig.6 Pinning diagram. 


RATINGS 


PINNING 


O ON OoORWN — 


wb edb ad ed at oad ad ad = od 
Oman oOohd HN — O 


NO 
=) 


REMO 


SEN6N 
SEN5N 
SEN4N 
SENSN 
SEN2N 
SENIN 
SENON 


ADRM 


Vss 
OSCI 
OSCO 


DRVON 
DRV1N 
DRV2N 
DRV3N 
DRV4N 
DRV5N 
DRV6N 


VppD 


Product Specification 


SAA3004 


remote data output 


key matrix sense inputs 


address mode control input 
ground 

oscillator input 

oscillator output 


key matrix drive outputs 


positive supply 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 
VDD 


Supply voltage range 

Input voltage range 

Output voltage range 

D.C. current into any input or output 


Peak REMO output current 
during 10 ws; duty factor = 1% 


Power dissipation per package 


Storage temperature range 
Operating ambient temperature range 


September 1985 


— —-l(REMO)M 


Prot 


T stg 
Tamb 


—0,5 to +15 V 
—0,5 to Vpp +0,5 V 
—0,5 to Vpp +0,5 V 
max. 10 mA 
max. 300 mA 
max. 200 mW 
—55 to +150 OC 
—20 to +70 oC 
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CHARACTERISTICS 
Vss = 0 V; Tamb = 25 OC; unless otherwise specified 


(V) 


Supply voltage 
Tamb = 0 to +70 °C 


Supply current; active 
fosc = 455 kHz; 
REMO output unloaded 


Supply current; inactive 
(stand-by mode) 
Tamb = 25 °C 

Oscillator frequency 
(ceramic resonator) 


Keyboard matrix 

Inputs SENON to SEN6N 
Input voltage LOW 

Input voltage HIGH 
Input current 


V;=OV 
Input leakage current 
Vi=Vpb 


Outputs DRVON to DRV6N 


Output voltage ““ON”’ 
lo =0,1 mA 
lo =1,0mA 


Output current “OFF” 
Vo=11V 


Control input ADRM 
Input voltage LOW 
Input voltage HIGH 


Input current (switched P- 
and N-channel pull-up/ 
pull-down) 


Pull-up active 
stand-by voltage: 0 V 


Pull-down active 
stand-by voltage: Vpp 
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CHARACTERISTICS (continued) 
Vss = 0 V; Tamb = 25 °C; unless otherwise specified 


parameter 


Data output REMO 


Output voltage HIGH 
—loH = 40 mA 


Output voltage LOW 
lo. =9,3 mA 


Oscillator 


Input current 
OSCI at Vpp 
Output voltage HIGH 
—lo_ = 9,1 mA 


Output voltage LOW 
loH = 0,1 mA 
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GENERAL DESCRIPTION 


The SAA3006 is intended as a general purpose (RC-5) infrared remote control system for use where 
only low supply voltages are available. The device can generate 2048 different commands and utilizes a 
keyboard with a single-pole switch per key. The commands are arranged so that 32 systems can be 
addressed, each system containing 64 different commands. 


The circuit response to legal (one key pressed at a time) and illegal (more than one key pressed at a 
time) keyboard operation is specified later in this publication (see KEY ACTIVITIES). 


Features 

Low supply voltage requirements 

Very low current consumption 

For infrared transmission link 

Transmitter for 32 x 64 commands 

One transmitter controls 32 systems 

Transmission biphase technique 

Short transmission times; speed-up of system reaction time 
Single-pin oscillator input 


Input protection 


Test mode facility 


QUICK REFERENCE DATA 


Supply voltage range Vpp 2to7 V 
Input voltage range V\ 0,5 to(Vpp+0,5) V* 
Input current +1 max. 10 mA 
Output voltage range Vo —0,5 to (Vpp + 0,5) V* 
Output current +lg max. 10 mA 
Operating ambient temperature range Tamb —25 to +85 oC 


*Vpp + 0,5 V not to exceed 9 V. 


PACKAGE OUTLINE 
28-lead DIL; plastic (SOT-117). 
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SAA3006 


OSC 


TP1 


re2|10 


f MASTER 
RESET 
f GENERATOR 


SSM 213 
DECODER DIVIDER 
CONTROL | 
UNIT 
Z3 
z2|s_ | 
z1 
Z0 
x6 [27 | KEYBOARD 
<E ENCODER 
x4 
x3 DRO 
x1 SYSTEM DR2 
XO laity KEYBOARD DR3 
DRIVER DR4 
DECODER ner 
DR5 
|, 10] oe 
PARALLEL 
| = OUTPUT TO SERIAL | 9] DR7 
CONVERTER 


DATA | MDATA Vss Vpp 7290143 


Fig. 1 Block diagram. 
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SAA 3006 


7290139 


Fig. 2 Pinning diagram. 


PINNING 
14 Vss 
28 VppD 
21 X0 
22 X1 
23 X2 
24 X3 
25 x4 
26 X5 
27 X6 
1 X7 
3 Z0 
4 21 
5 Z2 
6 23 
2 SSM 
20 TP1 
19 TP2 
18 OSC 
17 DRO 
16 DR1 
15 DR2 
13 DR3 
12 DR4 
11 DR5 
10 DR6 
9 DR7 
7 MDATA 
8 DATA 
5-221 
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SAA3006 


negative supply (ground) 
positive supply 


keyboard command inputs with 
P-channel pull-up transistors 


keyboard system inputs with 
P-channel pull-up transistors 


system mode selection input 


test input 
test input/output 


oscillator input 


scan driver output with open 
drain N-channel transistors 


remote signal outputs 
(3-state outputs) 


September 1985 
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7 
RRR Rs eo | 
USA NTSNS SUNG 
DSO NISSNINISG 
MAB NSOSGSOSSSSS 
a7 Rao fas fee Raa fee Ra] 
SINGS SIGS Sc 
GSS SSG Se 
7 0 
15 
Sai NGG See 
(4) - 
NSS NOSG NN SO 
31 \30 \ 29 \28 \27 \26 \25 \24 G 
7290141 


September 1985 


(1) Control inputs for operating modes, test modes and reset. 
(2) Remote signal outputs. 

(3) Keyboard command code matrix 8 x 8. 

(4) Keyboard system code matrix 4 x 8. 


Fig. 3 Keyboard interconnection. 
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FUNCTIONAL DESCRIPTION 
Combined system mode (SSM = LOW) 


The X and Z-lines are active HIGH in the quiescent state. Legal key operation either inthe X-DR or Z-DR 
matrix starts the debounce cycle. When the contact is made for two bit times without interruption, the 
oscillator-enable signal is latched and the key may be released. Interruption within the two bit times 
resets the internal action. At the end of the debounce time, the DR-outputs are switched off and two 
scan cycles are started, switching on the DR-outputs one by one. When a Z- or X-input senses a LOW 
level, a latch-enable signal is fed to the system address or command latches, depending on whether 
sensing was found in the Z- or X-input matrix. After latching a system address number, the device will 
generate the last command (i.e. all command bits ‘1’) in the chosen system as long as the key is pressed. 
Latching of acommand number causes the device to generate this command together with the system 
address number stored in the system address latch. Releasing the key will reset the internal action if no 
data is transmitted at that time. Once the transmission is started, the signal will be finished completely. 


Single system mode (SSM = HIGH) 


The X-lines are active HIGH in the quiescent state; the pull-up transistors of the Z-lines are switched off 
and the inputs are disabled. Only legal key operation in the X-DR matrix starts the debounce cycle. 
When the contact is made for two bit times without interruption, the oscillator-enable signal is latched 
and the key may be released. Interruption within the two bit times resets the internal action. At the 
end of the debounce time, the pull-up transistors in the X-lines are switched off, those in the Z-lines 

are switched on during the first scan cycle. The wired connection in the Z-matrix is then translated 

into a system address number and stored in the system address latch. At the end of the first scan 

cycle the pull-up transistors in the Z-lines are switched off and the inputs are disabled again, while the 
transistors in the X-lines are switched on. The second scan cycle produces the command number 

which, after latching, is transmitted together with the system address number. 


Inputs 


The command inputs XO to X7 carry a logical ‘1’ in the quiescent state by means of an internal pull-up 
transistor. When SSM is LOW, the system inputs ZO to Z3 also carry a logical ‘1’ in the quiescent state 
by means of an internal pull-up transistor. 


When SSM is HIGH, the transistors are switched off and no current flows via the wired connection in 
the Z-DR matrix. 


Oscillator 


The oscillator is formed by a ceramic resonator (catalogue number 2422 540 98021 or equivalent) 
feeding the single-pin input OSC. Direct connection is made for supply voltages in the range 2 to 

5,25 V but it is necessary to fit a 10 kQ2 resistor in series with the resonator when using supply voltages 
in the range 2,6 to 7 V. 


Key-release detection 


An extra control bit is added which will be complemented after key-release. In this way the decoder 
gets an indication that shows if the next code is to be considered as a new command. This is very 
important for multi-digit entry (e.g. by channel numbers or Teletext/Viewdata pages). The control bit 
will only be complemented after finishing at least one code transmission. The scan cycles are repeated 
before every code transmission, so that, even by ‘take-over’ of key operation during code transmission, 
the correct system and command numbers are generated. 
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FUNCTIONAL DESCRIPTION (continued) 
Outputs 


The output DATA carries the generated information according to the format given in Fig. 4 and Tables 
2 and 3. The code is transmitted in biphase; definitions of logical ‘1’ and ‘0’ are given in Fig. 5. 


The code consists of four parts: © 

@ Start part formed by 2 bits (two times a logical ‘1’); 
@ Control part formed by ‘1 bit; 

@ System part formed by 5 bits; 

@ Command part formed by 6 bits. 


The output MDATA carries the same information as output DATA but is modulated on a carrier fre- 
quency of 1/12 of the oscillator frequency, so that each bit is presented as a burst of 32 pulses. To 
reduce power consumption, the carrier frequency has a 25% duty cycle. 


In the quiescent state, both outputs are non-conducting (3-state outputs). The scan drivers DRO to 
DR7 are of the open drain N-channel type and are conducting in the quiescent state of the circuit. After 

a legal key operation all the driver outputs go into the high ohmic state; a scanning procedure is then 
started so that the outputs are switched into the conducting state one after the other. 


Reset action | 

The circuit will be reset immediately when a key release occurs during: 

@ debounce time; 

@ between two codes. 

When a key release occurs during scanning of the matrix, a reset action will be accomplished if: 
@ the key is released while one of the driver outputs is in the low-ohmic ‘0’ state; 

@ the key is released before detection of that key; | 

@ there is no wired connection in the Z-DR matrix while SSM is HIGH. 


Test pin 
The test pins TP1 and TP2 are used for testing in conjunction with inputs Z2 and Z3 as shown in Table 1. 


Table 1 Test functions 


a 


LOW matrix input matrix input normal 


HIGH matrix input matrix input scan + output frequency 


six times faster than normal 
output fosc® LOW LOW reset 


output fosc® HIGH HIGH output frequency 3 x 2” 
faster than normal 
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KEY ACTIVITIES 


Every connection of one X-input and one DR-output is recognized as a legal keyboard operation and 
causes the device to generate the corresponding code. 

Activating more than one X-input at a time is an illegal keyboard operation and no circuit action is 
taken (oscillator does not start). 


When SSM is LOW, every connection of one Z-input and one DR-output is recognized as a legal key- 
board operation and causes the device to generate the corresponding code. 


Activating two or more Z-inputs, or Z-inputs and X-inputs, at one time is an illegal keyboard operation 
and no circuit action is taken. 


When SSM is HIGH, a wired connection must be made between a Z-input and a DR-output. If no 
connection is made, the code is not generated. 


When one X or Z-input is connected to more than one DR-output, the last scan signal is considered 
legal. 
The maximum allowable value of the contact series resistance of the keyboard switches is 7 kQ. 


debounce 1 CODE 


MSB LSB MSB LSB 


CALAN EL SI SY Sof Capea eS HC2FC $C} 


<=. system 
address bits bits 


start 


— 


——» 
~<— start bits 
> ~<— scan time 
—»| 2bit |, data word time = 14 bit times 
times 


2 CODES SUCCESSIVELY 


1st 2nd 
code code 
start \ 


Pewee eee repetition time = 64 bit times 
7290142 


Fig. 4 DATA output format (RC-5). 


digital ‘1’ digital ’0’ 


—«—— 1 bit time ——. 


7282856 


Fig. 5 Biphase transmission code; 1 bit time = 3 x 2° x Tosc 
(typically 1,778 ms) where TqQ¢c is the oscillator period time. 
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Table 2 Command matrix X-DR 


” 
Bs 
2 
T 
Cc 
5°) 
£ 
E 
Oo 
oO 


code 


OF NO TFT WO OO f 


co 


oO 


© 
oo 


— 
~ 


N 
- 


9 
— 


+ 
= 


Ke) 
- 


co 
=_ 


™ 
- 


co 
— 


oO 
— 


© 
N 


N 


N 
GN 


60) 
N 


wv 
N 


LO 
N 
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N 
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oO 
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N 


© 
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Table 3 System matrix Z-DR 


system bits 


system 


no. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage range with respect to Vss Vpp  -—O0,5 to 8,5 V 
Input voltage range V\ —0,5 to (Vpp + 0,5) V* 
Input current +1; max. 10 mA 
Output voltage range VO —0,5 to (Vpp +0,5) V* 
Output current +10 max. 10 mA 
Power dissipation output OSC Po max. 50 mW 
Power dissipation per output (all other outputs) Po max. 100 mW 
Total power dissipation per package Prot max. 200 mW 
Operating ambient temperature range Tamb —29 to +85 °C 
Storage temperature range Tstg  —95 to +150 °C 
HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see ‘‘Hand- 
ling MOS Devices’’). 


* Vpp + 0,5 V not to exceed 9 V. 
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CHARACTERISTICS 
Vss = 0 V; Tamb = —25 to 85 °C unless otherwise specified 


Supply voltage 


Supply current 
at 19 = 0 mA for all outputs; 
X0 to X7 and Z3 at Vpp; 
all other inputs at Vpp or Vss; 
excluding leakage current from 
open drain N-channel outputs; 
Tamb = 25 OC 


Inputs 


Keyboard inputs X and Z with 
P-channel pull-up transistors 


Input current (each input) at 
V,; =0V; TP = SSM = LOW 


Input voltage HIGH 


Input voltage LOW 
Input leakage current 
at Tamb = 25 OC; TP = HIGH; 

Vi=H7V 
Vj; =OV 

SSM, TP1 and TP2 

Input voltage HIGH 

Input voltage LOW 


Input leakage current 
at Tamb = 25 OC; 
VipHa7V 
Vj =OV 
OSC 
Input leakage current 
at Tamb = 25 PC; V) = OV; 
TP1 = HIGH; Z2 = Z3 = LOW 
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Outputs 
DATA and MDATA 


Output voltage HIGH 

at —lIoH = 0,4 mA 
Output voltage LOW 

at lo. =0,6 mA 
Output leakage current at: 


Vo=/7V 
Vo=0V 
Tamb = 25 °C; 
Vo=/7V 
Vo=0V 


DRO to DR7, TP2 


Output voltage LOW 
at lor = 0,3 mA 


Output leakage current 
atVo=/V 


atVo=7V 
Tamb = 25 °C 
OSC 
Oscillator current at OSC = Vpp 


Oscillator 


Maximum oscillator frequency 
at C; = 40 pF (Figs 6 and 7) 


Free-running oscillator frequency 
at Tamb = 25 PC 


7282857 


CCCP NE 
Seae sh See 
CCCP RES 
se 
SCOOT 
0 


50 ; ee 
CL (pF) 100 Fig. 7 Test circuit 


Fig.6 Typical normalized input for measurement of 
frequency as a function of the maximum oscillator 
load (keyboard) capacitance. 7290140 frequency. 
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GENERAL DESCRIPTION 


The SAA3028 is intended for use in general purpose (RC-5) remote control systems. The main function 
of this integrated circuit is to convert RC-5 biphase coded signals into equivalent binary values. Two 
input circuits are available: one for RC-5 coded signals only; the other is selectable to accept (1) RC-5 
coded signals only, or (2) RC-5 (extended) coded signals only. The input used is that at which an 

active code is first detected. Coded signals not in RC-5/RC-5(ext) format are rejected. Data input and 
output is by serial transfer, the output interface being compatible for |? C bus operation. 


Features 

@ Converts RC-5 or RC-5(ext) biphase coded signals into binary equivalents 

Two data inputs, one fixed (RC-5), one selectable (RC-5/RC-5(ext)) 

Rejects all codes not in RC-5/RC-5(ext) format 

I7C output interface capability 

Power-off facility 

Master/slave addressable for multi-transmitter/receiver applications in RC-5(ext) mode 


Power-on-reset for defined start-up 


QUICK REFERENCE DATA 


Supply voltage range Vpp 4,5 to 55 V 
Supply current (quiescent) at | 

Vpp = 5,5 V; Tamb = 25 OC IDD max. 200 “vA 
Operating ambient temperature range Tamb —25 to +85 °C 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT-38Z). 
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C5 DAV Osc! OSCO 


CLOCK 
CONTROL GENERATOR 
CIRCUIT 


R 
TIMER 


SAA3028 
DATA 1 12¢c BUS SCL 
DATA 2 INTERFACE SDA 
POWER — ON OWER - OFF 
RESET CIRCUIT 
Vpop YVss MAO MA1 MA2 SSB ENB PO 7Z87352 


Fig. 1 Block diagram. 


PINNING 


1 DAV data valid output with open drain 
N-channel transistor 


MA1 


MAO 
master address inputs 


2 
3 
4 MA2 

5 RC5 data 2 input select 
6 OSC! _ oscillator input 

7 OSCO oscillator output 

8 Vss negative supply (ground) 


SAA3028 


9 SCL serial clock line 
17C bus 

10 SDA serial data line 

11 DATA 2 data 2 input 

7287353 
12 DATA 1 data 1 input 
13 PO power-off signal output with open 
drain N-channel transistor 


Fig. 2 Pinning diagram. 14 ENB enable input 
15 SSB set standby input 
16 Vpp positive supply (+5 V) 
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FUNCTIONAL DESCRIPTION 

Input function 

The two data inputs are accepted into the buffer as follows: 

@ DATA 1. Only biphase coded signals which conform to the RC-5 format are accepted at this input. 

@ DATA 2. This input performs according to the logic state of the select input RC5. When RC5 = HIGH, 
DATA 2 input will accept only RC-5 coded signals. When RC5 = LOW, DATA 2 input will accept 
only RC-5(ext) coded signals. 

The input detector selects the input, DATA 1 or DATA 2, in which a HIGH to LOW transition is first 

detected. The selected input is then accepted by the buffer for code conversion. All signals received 

that are not in the RC-5 or RC-5(ext) format are rejected. 


Formats of RC-5 and RC-5(ext) biphase coded signals are shown in Figs 3 and 4 respectively; the codes 
commence from the left of the formats shown. The bit-times of the biphase codes are defined in Fig. 5. 


. 4) 
LL control stop time <—— 
start 


data word time = 15 bit times 


7287354 


Fig. 3 RC-5 code format: the first start bit is used only for detection and input gain-setting; stop 
time = 1,5 bit-times (nominal). 


toggle 
repeat 
reset standby 
not defined 
function 
es a 
Ree SLAVE ADDRESS DATA cd 
stop time —» << 


t A__ control 
master address 
start 


——____—___—_—— data word time = 30 bit times 


7287355 


Fig. 4 RC-5(extended) code format: the first start bit is used only for detection and input gain-setting; 
stop time = 1,5 bit-times (nominal). 


digital ‘1’ : digital ‘0’ 


<«— 1 bit time —» 


7282856 


Fig. 5 Biphase code definition: RC-5 bit-time = 27 x ToOsc = 1,778 ms (typical); RC-5(ext) bit-time 
= 2° x Tosc = 0,89 ms (typical), where Tosc = the oscillator period time. 
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FUNCTIONAL DESCRIPTION (continued) 


More information is added to the input data held in the buffer in order to make it suitable for 
transmission via the |? C interface. The information now held in the buffer is as follows: 


RC-5 buffer contents RC-5(ext) buffer contents 

data valid indicator data valid indicator 

format indicator format indicator 

input indicator input indicator 

control master address 

address data control. 

command data » slave address 

data 

The information assembled in the buffer is subjected to the following controls before being made avail- == 
able at the I? C interface: 5 
ENB = HIGH Enables the set standby input SSB. —— 
SSB = LOW Causes power-off output PO to go HIGH. 
PO =HIGH This occurs when the set standby input SSB = LOW and allows the existing values 


in the buffer to be overwritten by the new binary equivalent values. After 
ENB = LOW, SSB is don’t care. 


PO =LOW This occurs according to the type of code being processed, as follows: 
RC-5. When the binary equivalent value is transferred to the buffer. 


RC-5(ext). When the reset standby bit is active and the master address bits are 
equal in value to the MAO, MA1, MA2 inputs. 


At power-on, PO is reset to LOW. 


DAV = HIGH This occurs when the buffer contents are valid. If the buffer is not empty, or an 
output transfer is taking place, then the new binary values are discarded. 
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Output function 


The data is assembled in the buffer in the format shown in Fig. 6 for RC-5 binary equivalent values, or 
in the format shown in Fig. 7 for RC-5(ext) binary equivalent values. The data is output serially, starting 
from the left of the formats shown in Figs 6 and 7. 


— wa ae i os data 3 ——_—_»|<—__——_ data 4 ——___»> 
MSB LSB MSB LSB 
x0 x 0000 0/c 00.0000 0/0 0 0 aporess Jo 0 COMMAND 


Tease bit 
L.. indicator: 0 = DATA 1 input; 1= DATA 2 input 
format indicator: O= RC-5 
data valid = 0; data not valid = 1 7287356 


Fig. 6 RC-5 binary equivalent value format. 


—_ data 1 ———»|«——_— data 2 ——_——-»|«—_- data 3 ———_» |~—__ data 4 ——_—_»> 


MSB LSB MSB LSB |}MSB LSB 
X1xX 001) *,|X X RX XX XX SLAVE ADDRESS DATA 


a eae 
reset standby 


tL master address 


input indicator : O= DATA.1 input; 1= DATA 2 input 
format indicator: 1 = RC-5 (ext) 
data valid = 0; data not valid = 1 7287357 


Fig. 7 RC-5(ext) binary equivalent value format. 


The output signal DAV, derived in the buffer from the data valid bit, is provided to facilitate use of the 
transcoder on an interrupt basis. This output is reset to LOW during power-on. 


The |*C interfaceallows transmission on a bidirectional, two-wire |2C bus. The interface is a slave 
transmitter with a built-in slave address, having a fixed 7-bit binary value of 0100110. Serial output of 
the slave address onto the |” C bus starts from the left-hand bit. 


Oscillator 


The oscillator can comprise a ceramic resonator circuit as shown in Fig. 8. The typical frequency of 
oscillation is 455 kHz. 


15 nF 
OSC | 
XN 
(1) 
ceramic 
resonator 
15 nF 
yY— SCO 


7287358 


(1) Catalogue number of ceramic resonator: 2422 540 98008. 
Fig. 8 Oscillator circuit. 


September 1985 5-236 


Signetics Linear Products Product Specification 


|/R Receiver SAA3028 


FUNCTIONAL DESCRIPTION (continued) 


12C bus transmission 
Formats for |?C transmission in low and high speed modes are shown respectively in Figs 9 and 10. 


ack nowledge 
from slave 


START BYTE — SLAVE ADDRESS 114] DATA 1 DATA 2 DATA 3 DATA 4 ale 


acknowledge R/W acknowledge from receiver 
from master (= master) 7287359 


Fig. 9 Format for transmission in 17 C low speed mode. 


acknowledge 
from slave 


/s [stave ADDRESS DATA 1 DATA 2 DATA 3 DATA 4 Ale 


R/W acknowledge from receiver 
(= master) 7287360 


Fig. 10 Format for transmission in |? C high speed mode. 


Note to Figures 9 and 10 

When R/W bit = 0; the slave generates a NACK (negative acknowledge), leaves the data line HIGH and 
waits for a stop (P) condition. 

When the receiver generates a NACK;; the slave leaves the data line HIGH and waits for P (the slave 
acting as if all data has been transmitted). 

When all data has been transmitted, the data line remains HIGH and the slave waits for P. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage range with respect to Vss | Vpp —0,5 to +15 V 
Input voltage range | V\ —0,5 to (Vpp+0,5) Vv* 
Input current +1 max. 10 mA 
Output voltage range VO —0,5 to (Vppt0,5) V* 
Output current tlo max. 10 mA 
Power dissipation output OSCO Po max. 50 mW 
Power dissipation per output (all other outputs) Po max. 100 mW 
Total power dissipation per package Prot max. 200 mW 
Operating ambient temperature range Te —25 to +85 °C 
Storage temperature range Tstg —55 to +150 °C 
HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices (see ‘‘Handling MOS 


Devices’’). 


*Vpp + 0,5 V not to exceed 15 V. 
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CHARACTERISTICS 
Vss = 0 V; Tamb = —25 to 85 OC unless otherwise specified 


— 55 V 


4,5 


Supply voltage 


’ 


Supply current; quiescent 


LA 


Inputs 


MAO, MA1, MA2, DATA 1, DATA 2, 
RC5, SCL, ENB, SSB, OSC! 


Input voltage HIGH 


< 


4,5 to 5,5 
4,5 to 5,5 


Input voltage LOW 


Input leakage current 
at VV; = 5,5 V; 
Tamb = 25 9C 

Input leakage current 
at VV; = OV; 

Tamb = 25 °C; 


5,5 LA 


LA 


Outputs 
DAV, PO 


Output voltage LOW 
atlo. = 1,6mA 


4,5 to 5,5 

Output leakage current 
at Vo = 5,5 V; 
Tamb = 25 OC 

OSCO 

Output voltage HIGH 
at —I9oH = 0,2 mA 


Output voltage LOW 
at lop =0,3 mA 


5,5 


45to 5,5 


45 to 5,5 


Output leakage current 
at Tamb = 25 OC; 
Vo =5,5 V 


Vo=0V 
SDO 


Output voltage LOW 
atlo, =2mA 


5,5 
5,5 


LA 
BLA 


4,5 to 5,5 

Output leakage current 
at V9 = 5,5 V; 

Tamb = 25 °C 


5,5 uA 


Oscillator 
kHz 


Max. oscillator frequency (Fig. 8) 
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The SAF 1032P (receiver/decoder) and the SAF 1039P (transmitter) form the basic parts of a sophis- 
ticated remote control system (pcm: pulse code modulation) for infrared operation. The ICs can be 
used, for example, in TV, audio, industrial equipment, etc. 

Features: 


SAF 1032P receiver/decoder: 

@ 16 programme selection codes 

@ automatic preset to stand-by at power ‘ON’, including automatic analogue base settings to 50% and 
automatic preset of programme selection ‘1’ code 

@ 3 analogue function controls, each with 63 steps 

@ single supply voltage 

® protection against corrupt codes. 


SAF 1039P transmitter: 

@ 32 different control commands 

® static keyboard matrix 

@ current drains from battery only during key closure time 
® two transmission modes selectable. 


The devices are implemented in LOCMOS (Local Oxidation Complementary MOS) technology to 
achieve an extremely low power consumption. 

Inputs and outputs are protected against electrostatic effects in a wide variety of device-handling 
situations. However, to be totally safe, it is desirable to take handling precautions into account. 


SELA _—SELC @SCl1_ DATA TRYO TRY2 TRSL ~~ TRO! 
Yop | SELB | seto | MAIN | H@LD Yop | TRY: | TRY3 | TRe2 | 


Nat 3) 


SAF1032P 


Ly (2) Lay 14) st Ley Lz 


L30T | LIT | BINC | BINA | Veg TRXO | TRX2 | TROT | TROS | 
L2OT BIND BINB TVOT TRX1 TRX3 TINH Vss 
7274348 7274343911 


Fig. 1 Pin designations. 


PACKAGE OUTLINES 


SAF 1032P: 18-lead DIL; plastic (SOT-102A). 
SAF 1039P: 16-lead DIL; plastic (SOT-38Z). 
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PINNING | 
To facilitate easy function recognition, each integrated circuit pin has been allocated a code as shown 


below. 


SAF 1032P 


OMDNOOAWH = 


L3OT 
L2O0T 
L1OT 
BIND 
BINC 
BINB 
BINA 
TVOT 


Vss 


SAF 1039P 


ON Oo WD — 


TRXO 
TRX1 

TRX2 
TRX3 
TRDT 
TINH 

TROS 


Vss 


linear output 
linear output 
linear output 
binary 8 output 
binary 4 output 
binary 2 output 
binary 1 output 


on/off input/output 


keyboard input 
keyboard input 
keyboard input 
keyboard input 
data output 


inhibit output/mode select input 
oscillator output 
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HOLD 
DATA 
MAIN 
OSCI 
SELD 
SELC 
SELB 
SELA 


VDD 


TRO 
TRO2 
TRSL 
TRY3 
TRY2 
TRY1 
TRYO 


VDD 


Product Specification 


SAF1032P /39P 


control input 
data input 

reset input 
clock input 
binary 8 output 
binary 4 output 
binary 2 output 
binary 1 output 


oscillator control input 
oscillator control input 
keyboard select line 
keyboard input 
keyboard input 
keyboard input 
keyboard input 
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BASIC OPERATING PRINCIPLES 


The data to be transmitted are arranged as serial information with a fixed pattern (see Fig. 2), in 
which the data bit-locations Bg to Bg represent the generated key-command code. To cope with IR 
(infrared) interferences of other sources a selective data transmission is present. Each transmitted bit 
has a burst of 26 oscillator periods. 


Before any operation will be executed in the receiver/decoder chip, the transmitted data must be 
accepted twice in sequence. This means the start code must be recognized each time a data word is 
applied and comparison must be true between the data bits of two successively received data words. If 
both requirements are met, one group of binary output buffers will be loaded with a code defined by 
the stored data bits, and an internal operation can also take place. See operating code table. 


The contents of the 3 analogue function registers are available on the three outputs in a pulse code 
versus time modulation format after D (digital) to A (analogue) conversion. The proper analogue levels 


can be obtained by using simple integrated networks. For local control a second transmitter chip 
(SAF 1039P) is used (see Fig. 7). 


ow (DEEL PELT ELLE PL PEPE EL EPEEEE 


. m To" 


MOOT 
DATA a 1 rs m1 11 
MODE1 af | 1 to a) 
yp burst of 26 oscillator periods 
7H 
MOuES a a a a a 
y~ key down 
TINH 


<——_________ start code SSS SS See data bits i 


one data word 


2. 


32x Tp =32x 2! ms'!2) 71274354 .2 
ft 
(1) To = 1 clock period = 128 oscillator periods. (2) fy in kHz. 


Fig. 2 Pattern for data to be transmitted. 


TIMING CONSIDERATIONS 


The transmitter and receiver operate at different oscillator frequencies. Due to the design neither 
frequency is very critical, but correlation between them must exist. Calculation of these timing 
requirements shows the following. 


With a tolerance of +10% on the oscillator frequency (f;) of the transmitter, the receiver oscillator 
frequency (f, = 3 x f,) must be kept constant with a tolerance of +20%. 

On the other hand, the data pulse generated by the pulse stretcher circuit (at the receiver side) may 
vary 25% in duration. 
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GENERAL DESCRIPTION OF THE SAF1039P TRANSMITTER 


SAF 1039P 


ENCODING OUTPUT 
GATING 


SCALER 
OSCILLATOR 2? 


a 
3 
r 
-e 
10 


9 


7274350.1 


Fig. 3 Block diagram of SAF 1039P transmitter. 


Any keyboard activity on the inputs TRXO to TRX3, TRYO to TRY3 and TRSL will be detected. For 
a legal key depression, one key down at a time (one TRX and TRY input activated), the oscillator 
starts running and a data word, as shown on the previous page, is generated and supplied to the output 
TRDT. If none, or more than 2 inputs are activated at the same time, the input detection logic of the 
chip will generate an overall reset and the oscillator stops running (no legal key operation). 


This means that for each key-bounce the logic will be reset, and by releasing a key the transmitted data 
are stopped at once. 


The minimum key contact time required is the duration of two data words. The on-chip oscillator is 
frequency controlled with the external components R1 and C1 (see circuit Fig. 6); the addition of 
resistor R2 means that the oscillator frequency is practically independent of supply voltage variations. 
A complete data word is arranged as shown in Fig. 2, and has a length of 32 x Tg ms, where Tg = 27/f¢. 


Operation mode 
FUNCTION OF TINH 


unmodulated: LOCAL operation output, external pull-up resistor to Vpp 
2 modulated: REMOTE control input, connected to Vss 
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GENERAL DESCRIPTION OF THE SAF1032P RECEIVER/DECODER 


17 


7 |j6 {5 [4 16 |15 |1 
qe s[a[ se 
oO; om; o ol ol ol wo 


19] H@LO : BINARY OUTPUT| | BINARY SELECT 


FLAGS (BINF) FLAGS (SELF) 


4 


DIGITAL TO 


ENE eS ANALOGUE 


REGISTER 
(LIN‘) 


CONVERSION 
(D/A) 


DIGITAL TO 
ANALOGUE L2OTI2 
CONVERSION 
(D/A) 


LINEAR 2 
REGISTER 


(LIN2) 


DIGITAL TO 


LINEAR 3 
BUFFER ANALOGUE REGISTER ANALOGUE L3OT |, 
REGISTER DECODER ane CONVERSION 

(BFR) (ANDEC) (LIN3) (D/A) 


DATA SHIFT COMPARATOR MAIN 


COMPARATOR 
(KOM) 


REGISTER COUNTER FLAG 
(SRDT) (COMP) (MAINF) 
BIT COUNTER TV ON/OFF] | TVOT}g 


FLAG 
(TVONF) 


‘O'/44" DETECTOR 


- START CODE | PRESET 
1 Eee an TIMER COUNTER eoke osc! |43 
(CSTQ) (CTIM) (PREST) , 


SAF1032P 


18 9 72764352, 


Fig. 4 Block diagram of SAF 1032P receiver/decoder. 


The logic circuitry of the receiver/decoder chip is divided into four main parts as shown in the block 
diagram above. 


Part | 


This part decodes the applied DATA information into logic ‘1’ and ‘0’. 
It also recognizes the start code and compares the stored data-bits with the new data-bits accepted. 
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Part II 


This part stores the programme selection code in the output group (BINF) and memorizes it for 
condition HOLD = LOW. 


It puts the functional code to output group (SELF) during data accept time, and decodes the internally 
used analogue commands (ANDEC). 


Part III 
This part controls the analogue function registers (each 6-bits long), and connects the contents of the 


three registers to the analogue outputs by means of D/A conversion. During sound mute, output L10T 
will be forced to HIGH level. 


Part IV 


This part keeps track for correct power ‘ON’ operation, and puts chip in ‘stand-by’ condition at supply 
voltage interruptions. 


The logic design is dynamic and synchronous with the clock frequency (@SCI), while the required 
control timing signals are derived frorn the bit counter (BITC). 


Operation 


Serial information applied to the DATA input will be translated into logic ‘1’ and ‘0’ by means of a 
time ratio detector. 


After recognizing the start code (CSTQ@) of the data word, the data bits will be loaded into the data 
shift register (SRDT). At the first trailing edge of the following data word a comparison (K@M) takes 
place between the contents of SRDT and the buffer register (BFR). If SRDT equals BFR, the required 
operation will be executed under control of the comparator counter (COMP). 

As shown in the operating code table on the next page, the 4-bit wide binary output buffer (BINF) will be 
loaded for BFRO = ‘0’, while for BFRO = ‘1’ the binary output buffer (SELF), also 4-bit wide will be 
activated during the data accept time. 

At the same time operations involving the internal commands are executed. The contents of the 
analogue function registers (each 6-bits long) are controlled over 63 steps, with minimum and maximum 
detection, while the D/A conversion results in a pulsed output signal with a conversion period of 

384 clock periods (see Fig. 5). 


First power ‘ON’ will always put the chip in the ‘stand-by’ position. This results in an internal 
clearing of all logic circuitry and a 50% presetting of the contents of the analogue registers (analogue 
base value). The programme selection ‘1’ code will also be prepared and all the outputs will be non- 
active (see operating output code table). 


From ‘stand-by’ the chip can be made operational via a programme selection command, generated 
LOCAL or via REMOTE, or directly by forcing the TV ON/OFF output (TV@T) to zero for at least 
2 clock periods of the oscillator frequency. 


For POWER ON RESET a negative-going pulse should be applied to input MAIN, when Vpp is 
stabilized; pulse width LOW 2 100 us. 


== fag clock periods 
OUTPUT ee 
(50 %/ocontents) |4_____ 384 clock periods a 


7276078 


Fig. 5 Analogue output pulses. 
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OPERATING CODE TABLE 


key-matrix 
position 


BINE SELF 
(BIN.) (SEL.) 


buffer 
BFR 


faa) 
n<§ 
LN 
~) 
GN 
Oo 
—l 
“” 
oc 
ad 
~ 
oc 
- 
x 
iam 
- 


programme 
select + ON 


weer wr er ee ee 
weer er rer rer Ke 
wee wee eee 
weer er wr em ee 
ome e ieee ek@) 
oo0qo0Orrrs 
OOnrr O0O0-r- — 
Oo- O- O- Om 


oOooOooo0o000 OC 
—-- OO- - OO 
-OrOr0r 0 
oooqo0Qrrr= 


oOoooqoqoa0CcO0 Oo 


Ooooo0eo0o0o ©} 
O-r- NMNOK- NO 


programme 
select + ON 


Sw3Trrwrer re 
we3wrwr rrr me 
werewrer wre 
wererwrrer ee 
CO00OeF eee 
Oo 0 = —-— 0 0 += 
O-Or- O- OO - 


weer wrwr wr ee 
—-—- OC On-r-- OO 
= Oe Oe O - © 
oo0O0OTrrr = 


oooooo0°co 


oooooo0co°o 
OrF-NMOK- NM 


NNN N OM OO OM 


analogue base 

reg. (LIN3) + 1 
reg. (LIN2) + 1 
reg. (LIN1) + 1 
OFF 

reg. (LINS) — 1 
reg. (LIN2) — 1 
reg. (LIN1) — 1 


xXx xXKXOXKXK XK 


xXx xXKOXKXK XK 


XxX KOK XK XK 


XxX KOKXK XK 


OCOCOC0CO°O 
-O0O0--O00 
-O-OOrOrO0 
ooo 0Orenees = 


SF SES SS ST LS SS 


Or NMO- NO 


Ooc;conr ene me 


mute (set/reset) 
spare functions 


O0O0000000 
—-- OO+rf- OO 
-O-rO-r-Or- 0 
o0004rreKr=— 
KKK KK KKK 
KK KKK KKK 
KX KKK KKK XK 


KKK KKK KK 


eee er ere ee 
—-- OOF - OO 
—-Or Or Or OO 
Oooorrr= 


OK NMOMK NM 


NNN N OM OO © 


Note 


Reset mute also on programme select codes, (LIN1) + 1, and analogue base. 
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OPERATING OUTPUT CODE 


a : fa oe 
TVOT 


‘stand-by’ OFF 

via remote 

ON — ‘not hold’ condition 
non-operating 

ON — ‘hold’ condition 
non-operating 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vpp-Vss_ —0.5to11 V 
Input voltage V\ max. 11 V 
Current into any terminal +1) max. 10 mA 
Power dissipation (per output) Po max. 50 mW 
Power dissipation (per package) Prot max. 200 mW 
Operating ambient temperature Tamb —40 to +85 °C 
Storage temperature Tstg —65 to +150 °C 
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SAF1032P / 39P 


CHARACTERISTICS 


Tamb = 0 to +85 °C (unless otherwise specified) 


SAF 1039P only 


ee | ee 


Recommended supply voltage 
Supply current 
quiescent | 


Operating; TRO1 at Vsc; 
outputs unloaded; 
one keyboard switch 
closed 


Inputs (note 1) 

TR@2; TINH (note 2) 
input voltage HIGH 
input voltage LOW 
input current 


Outputs 
TRDT; TROS; TRO1 
output current HIGH 
at VoH = Vpp —0.5 V 
output current LOW 
at Vo, = 0.4 V 


TRDT output leakage 
current when disabled 
Vo=Vss to Vpp 

TINH 
output current LOW 
VoL =0.4V 

Oscillator 
| maximum oscillator 
frequency 


frequency variation with 
supply voltage, temperature 
and spread of IC properties 
at fnom = 36 kHz (note 3) 


oscillator current drain 
at from = 36 kHz 


Notes follow characteristics. 
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1.3 


10 
50 


LA 
LA 


mA 
mA 


<< 


pA 


mA 


mA 


LA 


mA 


kHz 


7 to 10 
7 to 10 


7 to 10 


10 
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CHARACTERISTICS 
Tamb = 0 to +85 °C (unless otherwise specified) 


SAF 1032P only 


ee 


Recommended supply voltage 


Supply current 


25 
quiescent 85 


operating; Io = 0; at 
@SCI frequency of 100 kHz 


Inputs 
DATA; @SCI; HOLD; 
TVOT (see note 4) 
input voltage HIGH ‘ all 
input voltage LOW 0 : all 


MAIN; tripping levels 
input voltage increasing : ; all 
input voltage decreasing : : all 


all 


input current; all inputs ; 25 
except TVOT 


input signal rise and fall 
times (10% and 90% Vpp) all 
all inputs except MAIN 


Outputs 
programme selection: 
BINA/B/C/D 
auxiliary: 
SELA/B/C/D 
analogue: 
L30T; L2OT; L1OT 
TVOT (note 4) 
all open drain n-channel 
output current LOW 
at VoL = 0.4 V : all 


output leakage current 
at Vg = Vss to Vpp all 


For note 4 see next page. 
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Notes to characteristics 


1. The keyboard inputs (TRX.; TRY.; TRSL) are not voltage driven (see application information 
diagram Fig. 6). 


If one key is depressed, the circuit generates the corresponding code. The number of keys 

depressed at a time, and this being recognized by the circuit as an illegal operation, depends on the 
supply voltage (Vpp) and the leakage current (between device and printed-circuit board) externally 
applied to the keyboard inputs. 


If no leakage is assumed, the circuit recognizes an operation as illegal for any number of keys > 1 
depressed at the same time with Vpp = 7 V. Ata leakage due to a 1 M{Q2 resistor connected to each 
keyboard input and returned to either Vpp or Vss, the circuit recognizes at least 2 keys depressed 
at a time with Vpp = 7 V. 


The highest permissible values of the contact series resistance of the keyboard switches is 500 22. 
2. Inhibit output transistor disabled. 
3. Af is the width of the distribution curve at 2 o points (o = standard deviation). 


4. Terminal TV@T is input for manual ‘ON’. When applying a LOW level TV@T becomes an output 
carrying a LOW level. i 
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APPLICATION INFORMATION 
. Jp Sf 
COY89 (2x) 
‘© 
BC368 
gy —t “bi00 14220 | acsage ‘* 
uF uF UN 
BZX75 
~C2V8 
10K (%) 0.56 
Vgs0 
HAN 
| StH SZ] S| = 
acl oc! ccl cl = oe 
KLE, EE; ELE] E|> 
C1 
SAF1039P 150 pF 
(2 %) 
ea E ANT COT OE ON 
role re a es ae 
——-~ 


| R2 100K 


| Po @P10 P11 @Pi2 


LR ERK 
REE 
OO@OR| | Ln 
BRNx3 04 
S: saturation 
Re ES gee vie B: brightness 


V:volume 
Fig. 6 Interconnection diagram of transmitter circuit SAF 1039P in a remote 
control system, for a television receiver with 12 programmes. 


oss 
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CSC-G 


10K nF 


+12 VO 
560 = 680 
10K 3 47 1/4HEF4011B 


47 nF 
) 


39 K 
1/4HEF4011B 


PULSE 


~~ 18 ie 39 K 
es TDB1033 nF ave 
BPW34 aces 
(f. = 35.7 kHz) [PKs 
+ + 9 
100 K me ) > : 
. 2.2 uF 


in ie: 
1/4HEF4011B 1/4HEF4011B 


} 
+12V 
POWER ON 
RESET 


SAF1039P LIOT , 
61 1312 11 L20T 
[oa wc Cc 
EF ! 
~~ ———_ 


for interface 
see Fig. 8 


+ + + 
S B V 


Fig. 7 Interconnection diagram showing the SAF 1032P and SAF 1039P used in a TV control system. 


e@ Vop (+9 Vv) 


STRETCHER . 
(2x 1/4HEF4011B) 


OSCILLATOR 
(2 x 1/4 HEF 4011B) 


oO Vss 


to programme 
selection 
switch ICs 


7Z74355.2 


‘OAIQOOY O/ 4 


JOWIUWUSUDI] D/& 


d6€/ dZ€0VdVS 


SJONPOld JOEUr] SOHOEUBIS 


UOHWOOIOSCS JONPOld 
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Vop +12V 


volume 
(pin 5; TBA750) 


BC558 


brightness 
(pin 11; TDA2560) 


saturation 
(pin 16; TDA 2560) 


to pin9 of TDA2581 
to pin &4 of TDA2581 


100 nF 


7Z74354.1 


; 


Fig. 8 Additional circuits from outputs L1QT (1), L2OT (2), L3@T (3) and 
TVOT (4) of the SAF 1032P in circuit of Fig. 7. 
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The TDA3047 is for infrared reception with low power consumption. 
Features 


H.F. amplifier with a control range of 66 dB 

Synchronous demodulator and reference amplifier 

A.G.C. detector 

Pulse shaper 

Q-factor killing of the input selectivity, which is controlled by the a.g.c. circuit 
Input voltage limiter 


QUICK REFERENCE DATA 


Supply voltage (pin 8) Vp = V8.16 typ. 5 V 
Supply current (pin 8) Ip=lg typ. 2.1 mA 
Input signal (peak-to-peak value) 

(100% AM; f = 36 kHz) V2-15(p-p) 0.02 to200 mV 
Output signal (peak-to-peak value) V9-16(p-p) typ. 45 V 


+ 
4 |13 |5 |6 7 10 "8 
REFERENCE 
AMPLIFIER 
Fa CONTROLLED ul SYNCHRONOUS PULSE OUTPUT | 
H.F. AMPLIFIER DEMODULATOR SHAPER BUFFER 


TDA3047 
INPUT 
LIMITER 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT-38). 


16 72Z87197.1A 


F 


g. 1 Block diagram of TDA3047. 
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FUNCTIONAL DESCRIPTION 
General 


The circuit operates from a 5 V supply and has a current consumption of 2 mA. The output is a current 
source which can drive or suppress a current of > 75 pA with a voltage swing of 4.5 V. The Q-killer 
circuit eliminates distortion of the output pulses due to the decay of the tuned input circuit at high input 
voltages. The input circuit is protected against signals of > 600 mV by an input limiter. The typical input 
is an AM signal at a frequency of 36 kHz. Figures 3 and 4 show the circuit diagrams for the application of 
narrow-band and wide-band receivers respectively. Circuit description of the eight sections shown in Fig. 1 
are given below. 


Controlled h.f. amplifier 


The input signal is amplified by the gain-controlled amplifier. This circuit comprises three d.c. amplifier 
stages connected in cascade. The overall gain of the circuit is approximately 83 dB and the gain control 
range is in the order of 66 dB. Gain control is initially active in the second amplifier stage and is trans- 
ferred to the first stage as limiting in the second stage occurs, thus maintaining optimum signal-to-noise 
ratio. Offset voltages in the d.c. coupled amplifier are minimized by two negative feedback loops; these 
also allow the circuit to have some series resistance of the decoupling capacitor. The output signal of 
the amplifier is applied to the reference amplifier and to the synchronous demodulator inputs. 


Reference amplifier 


The reference amplifier amplifies and limits the input signal. The voltage gain is approximately O dB. The 
output signal of this amplifier is applied to the synchronous demodulator. 


Synchronous demodulator 


In the synchronous demodulator the input signal and reference signal are multiplied. The demodulator 
output current is 25 uA peak-to-peak. The output signal of the demodulator is fed to the input of the 
a.g.c. detector and to the input of the pulse-shaper circuit. 


A.G.C. detector 


The a.g.c. detector comprises two n-p-n transistors operating as a differential pair. The top level of the 
output signal from the synchronous demodulator is detected by the a.g.c. circuit. Noise pulses are 
integrated by an internal capacitor. The output signal is amplified and applied to the first and second stages 
of the amplifier and to the Q-factor killer circuit. 


Pulse-shaper 


The pulse-shaper comprises two n-p-n transistors operating as a differential pair connected in parallel 
with the a.g.c. differential pair. The slicing level of the pulse shaper is lower than the slicing level of the 
a.g.c. detector. The output of the pulse-shaper is determined by the voltage of the capacitor connected 
to pin 11, which is applied directly to the output buffer. 


Output buffer 


The voltage of the pulse-shaper capacitor is fed to the base of the first transistor of a differential pair. 
To obtain a correct RC-5 code, a hysteresis circuit protects the output against spikes. The output at 
pin 9 is active high. 


Q-factor killer 


Figure 3 shows the Q-factor killer in the narrow-band application. In this application it is necessary to 
decrease the Q-factor of the input selectivity particularly when large input signals occur at pins 2 and 15. 
In the narrow-band application the output of the Q-factor killer can be directly coupled to the input; 
pin 3 to pin 2 and pin 14 to pin 15. 
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Input limiter 


In the narrow-band application high voltage peaks can occur on the input of the selectivity circuit. The 
input limiter limits these voltage peaks to approximately 0.7 V. Limiting is 0.9 V max. at 17 = 3mA. 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (1EC 134) 
Supply voltage (pin 8) Vp = V8.16 max. 13.2 V 
Output current pulse shaper (pin 11) | 144 max. 10 mA 
Voltages between pins* 
pins 2 and 15 V9.15 max. 4.5 V 
pins 4 and 13 V4-13 max. 4.5 V 
pins 5 and 6 V5.6 max. 4.5 V 
pins 7 and 10 V7-10 max. 4.5 V 
pins 9 and 11 V9.11 max. 45 V 
Storage temperature range T stg —65 to + 150 °C 
Operating ambient temperature range Tamb —25 to+ 125 °C 


* All pins except pin 11 are short-circuit protected. 
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TDA3047 


CHARACTERISTICS 


Vp = Vg.16 = 5 V: Tamb = 25 OC; measured in Fig. 4; unless otherwise specified 


Poem ements [Jon 


Supply (pin 8). 
Supply voltage 


Vp = V8-16 4.65 


Supply current Ip=lIg 


Controlled h.f. amplifier (pins 2 and 15) 


Minimum input signal (peak-to-peak value) 
at f = 36 kHz (note 1) 
at f = 36 kHz (note 2) 


A.G.C. control range (without Q-killing) 


V2-15(p-p) 
V2-15(p-p) 


Input signal for correct operation 
(peak-to-peak value; note 3) 

Q-killing inactive (13 = 144 <0.5 uA) 
(peak-to-peak value) 


V2-15(p-p) 


7 V2-15(p-p) 
Q-killing active (144 = 13 = max.) 
(peak-to-peak value) V2-15(p-p) 


Q-killing range 


Inputs 

Input voltage (pin 2) 
Input voltage (pin 15) 
Input resistance (pin 2) 
Input capacitance (pin 2) 


Input limiting (pin 1) 
at ly = 3mA 


Outputs 

Output voltage high (pin 9) 
at —lg = 75 uA 

Output voltage /ow (pin 9) 
atlg=75 yA 

Output current; output voltage high 
at Vg.16 = 4.5 V 
at V9.16 = 3.0 V 
at V9.16 = 1.0 V 


Output current; output voltage /ow 
_ at Vg.76 = 0.5 V 


Output resistance between pins 7 and 10 


Notes 


1. Voltage pin 9 is high; —lg = 75 pA. 
2. Voltage pin 9 remains /ow. 
3. Undistorted output pulse with 100% AM input. 
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Pulse shaper (pin 11) 


Trigger level in positive direction 
(voltage pin 9 changes from high to /ow) 


Trigger level in negative direction 
(voltage pin 9 changes from /ow to high) 


Hysteresis of trigger levels 


A.G.C. detector (pin 12) 
A.G.C. capacitor charge current 
A.G.C. capacitor discharge current 


Q-factor killer (pins 3 and 14) 


Output current (pin 3) 
at V49.16 =2V 


Output current (pin 14) 
at V49-16 =2V 


7287248 


ST TT Peo | 
pe OL te 


Ho} LLY ii e 
oo a on oo 
Pot TT | PAA 
LL et FE 


100 


V9. 15 (mV) 


Fig. 2 Typical Q-factor killer current (pins 3 and 14) as a function of the peak-to-peak input voltage 
(V9.15); 3, 14 is measured to ground, V9.15(p-p) is a symmetrical square wave. Measured in Fig. 4; 
Vp=5V | 
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22 
oVs=5V 
56> 
fy = 36 kHz fo = 36 kHz 
N14 56 nF 
47 TDA3047 6.8 nF 
470} N2C ag nF 
pF (1) | mH 
16 15] 14) 13 12 11 to] 9 
56 nF 
IL 22nF 14.7nF 
data 
7287249.1A Output 
(1) N1 =3.21 (2) Q=6 
N2=1 
Q =16 Fig. 3 Narrow-band receiver using TDA3047. 
222 
OVs=5V 
+ 
moni 
= f= 36 kHz 
12K 10nF 
10nF | 2 5} 6] 7] 8 
BPW50 Kf - 
€9 uae TDA3047 a 
10 nF 
12K 16 a oD 12 11 io} 9 
peer [senr 
data 
output 
V9-157 | | | | (symmetrical square- wave) 
7Z87250A 


Fig. 4 Wide-band receiver with TDA3047. 
For better sensitivity both 12 kQ resistors may have a higher value. 
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The TDA3048 is for infrared reception with low power consumption. 


Features 


H.F. amplifier with a control range of 66 dB 

Synchronous demodulator and reference amplifier 

A.G.C. detector 

Pulse shaper 

Q-factor killing of the input selectivity, which is controlled by the a.g.c. circuit 
Input voltage limiter 


QUICK REFERENCE DATA 


Supply voltage (pin 8) Vp = V8-16 typ. 5 V 
Supply current (pin 8) Ip=lg typ. 2.1 mA 
Input signal (peak-to-peak value) 

(100% AM; f = 36 kHz) V2-15(p-p) 0,02 to200 mV 
Output signal (peak-to-peak value) V9-16(p-p) typ. 45 V 


6 7 10 


4 13 5 
REFERENCE 
AMPLIFIER 


i CONTROLLED a SYNCHRONOUS 
H.F. AMPLIFIER DEMODULATOR 


i Q-FACTOR 7 


KILLER 
INPUT 
LIMITER 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT-38). 


+ 
e 
8 
OUTPUT 
BUFFER 


TDA3048 


16 7287197.1 


Fig. 1 Block diagram of TDA3048. 
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FUNCTIONAL DESCRIPTION 
General 


The circuit operates from a 5 V supply and has a current consumption of 2 mA. The output is a current 
source which can drive or suppress a current of > 75 wA with a voltage swing of 4,5 V. The Q-killer 
circuit eliminates distortion of the output pulses due to the decay of the tuned input circuit at high input 
voltages. The input circuit is protected against signals of > 600 mV by an input limiter. The typical input 
is an AM signal at a frequency of 36 kHz. Figures 3 and 4 show the circuit diagrams for the application of 
narrow-band and wide-band receivers respectively. Circuit description of the eight sections shown in Fig. 1 
are given below. 


Controlled h.f. amplifier 


The input signal is amplified by the gain-controlled amplifier. This circuit comprises three d.c. amplifier 
stages connected in cascade. The overall gain of the circuit is approximately 83 dB and the gain control 
range is in the order of 66 dB. Gain control is initially active in the second amplifier stage and is trans- 
ferred to the first stage as limiting in the second stage occurs, thus maintaining optimum signal-to-noise 
ratio. Offset voltages in the d.c. coupled amplifier are minimized by two negative feedback loops; these 
also allow the circuit to have some series resistance of the decoupling capacitor. The output signal of 
the amplifier is applied to the reference amplifier and to the synchronous demodulator inputs. 


Reference amplifier 


The reference amplifier amplifies and limits the input signal. The voltage gain is approximately 0 dB. The 
Output signal of this amplifier is applied to the synchronous demodulator. 


Synchronous demodulator 


In the synchronous demodulator the input signal and reference signal are multiplied. The demodulator 
output current is 25 vA peak-to-peak. The output signal of the demodulator is fed to the input of the 
a.g.c. detector and to the input of the pulse-shaper circuit. 


A.G.C. detector 


The a.g.c. detector comprises two n-p-n transistors operating as a differential pair. The top level of the 
output signal from the synchronous demodulator is detected by the a.g.c. circuit. Noise pulses are 
integrated by an internal capacitor. The output signal is amplified and applied to the first and second stages 
of the amplifier and to the Q-factor killer circuit. 


Pulse-shaper 


The pulse-shaper comprises two n-p-n transistors operating as a differential pair connected in parallel 
with the a.g.c. differential pair. The slicing level of the pulse shaper is lower than the slicing level of the 
a.g.c. detector. The output of the pulse-shaper is determined by the voltage of the capacitor connected 
to pin 11, which is applied directly to the output buffer. 


Output buffer 


The voltage of the pulse-shaper capacitor is fed to the base of the first transistor of a differential pair. 
To obtain a correct RC-5 code, a hysteresis circuit protects the output against spikes. The output at 
pin 9 ts active /ow. 


Q-factor killer 


Figure 3 shows the Q-factor killer in the narrow-band application. In this application it is necessary to 
decrease the Q-factor of the input selectivity particularly when large input signals occur at pins 2 and 15. 
In the narrow-band application the output of the Q-factor killer can be directly coupled to the input; 
pin 3 to pin 2 and pin 14 to pin 15. 
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Input limiter 


In the narrow-band application high voltage peaks can occur on the input of the selectivity circuit. The 
input limiter limits these voltage peaks to approximately 0.7 V. Limiting is 0.9 V max. at 17 = 3mA. 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 8) Vp = V8.16 max. 13.2 V 
Output current pulse shaper (pin 11) 144 max. 10 mA 
Voltages between pins* 
pins 2 and 15 V9-15 max. 45 V 
pins 4 and 13 > V4-13 max. 45 V 
pins 5 and 6 V5.6 max. 4.5 V 
pins 7 and 10 V7-10 max. 45 V 
pins 9 and 11 V9-11 max. 45 V 
Storage temperature range | T stg —65 to+ 150 °C 
Operating ambient temperature range Tamb —25 to+ 125 OC 


* All pins except pin 11 are short-circuit protected. 
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CHARACTERISTICS 
Vp = Vg.16 = 5 V; Tamb = 25 OC; measured in Fig. 4; unless otherwise specified 


[ow —iemet [rim [mm om 


Supply (pin 8) 
Supply voltage 


Vp = V8-16 


Supply current Ip=lIg 


Controlled h.f. amplifier (pins 2 and 15) 


Minimum input signal (peak-to-peak value) 
at f = 36 kHz (note 1) 
at f = 36 kHz (note 2) 


A.G.C. control range (without Q-killing) 


V2-15(p-p) 
V2-15(p-p) 


Input signal for correct operation 
(peak-to-peak value; note 3) 

Q-killing inactive (13 = 144 <0.5 wA) 
(peak-to-peak value) 


V2-15(p-p) 


V2-15(p-p) 


Q-killing active (144 = 13 = max.) 
(peak-to-peak value) 


V2-15(p-p) 


Q-killing range see Fig. 2 


Inputs 


2.25 2.45 2.65 
2.25 2.45 2.65 
10 15 20 
as 3 = 


Input voltage (pin 2) 


Input voltage (pin 15) 


Input resistance (pin 2) 


Input capacitance (pin 2) 


Input limiting (pin 1) 
atly=3mA 


— 0.8 0.9 


Outputs 
Output voltage A/gh (pin 9) 
at —lg=75 yA 
Output voltage /ow (pin 9) 
at lg = 75 yA 
Output current; output voltage /ow 
—V9.8 =4.5 V 
—V9.g = 3.0 V 
—V9.g = 1.0 V 
Output current; output voltage high 
—-V9.g =0.5 V 
Output resistance between pins 7 and 10 


Notes 


1. Voltage pin 9 is /ow; lg = 75 pA. 
2. Voltage pin 9 remains high. 
3. Undistorted output pulse with 100% AM input. 
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Pulse shaper (pin 11) 


Trigger level in positive direction 
(voltage pin 9 changes from high to low 


Trigger level in negative direction 
(voltage pin 9 changes from /ow to high 


Hysteresis of trigger levels 


A.G.C. detector (pin 12) 
A.G.C. capacitor charge current 


A.G.C. capacitor discharge current 


Q-factor killer (pins 3 and 14) 


Output current (pin 3) 
atV49.16 =2V 


Output current (pin 14) 
at V49.16=2V 
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Fig. 2 Typical Q-factor killer current (pins 3 and 14) as a function of the peak-to-peak input voltage 
(V2.15); 13 14 is measured to ground, V2. 15(p-p) is a symmetrical square wave. Measured in Fig. 4; 
xP 5 V. 
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APPLICATION INFORMATION 


22 
O Vs=5V 
fo = 36 kHz 
n1¢ 56nF | 
Pe TDA3048 6.8nF 
470) N2¢ ag nF 
pF (1) | mH 
16 15 | 4 13 12 11 10 iz) 
56 nF 
i: i nF |4.7nF 
7 data 
7287249,14  utPut 
(1) N1=3.21 (2) Q=6 
N2=1 “ 
Q =16 Fig. 3 Narrow-band receiver using TDA3048. 
22 
——0 Vs=5V 
+ 
100 oe 
= 9 = 36 kHz 
12K 10 nF 
10nF 1 2 6 6 7] | 
BPW50 Af 
cy er TDA3048 ag 
10 nF 
12K 16 | 18 | 12 10 ieee 
22nF [sent 
data 
output 
V9-157 | | | | (symmetrical square- wave) 
7Z87250A 


Fig. 4 Wide-band receiver with TDA3048. 
For better sensitivity both 12 kQQ resistors may have a higher value. 
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The I?C Concept 


The Inter-IC bus (I2C) is a 2-wire serial bus designed to provide the facilities of a local 
area network, not only between the circuits of one system, but also between 
different systems; e.g., teletext and tuning (see figures). 


Philips/Signetics manufactures many devices with built-in I@C interface capability, 
any of which can be connected in a system by simply ''clipping"’ it to the IC bus. 
Hence, any collection of these devices around the I?C bus is known as "'clips." 


The |?C bus consists of two bidirectional lines, the Serial Data (SDA) line and the 
Serial Clock (SCL) line. The output stages of devices connected to the bus (these 
devices could be NMOS, CMOS, [@C, TTL, ...) must have an open drain or open 
collector in order to perform the wired-AND function. Data on the I?C bus can be 
transferred at a rate up to 100K bits/sec. The physical bus length is limited to 13 feet 
and the number of devices connected to the bus is solely dependent on the limiting 
bus capacitance of 400pF. 


The inherent synchronization process, built into the |*C bus structure, using the 
wired-AND technique does not only allow fast devices to communicate with slower 
ones, but also eliminates the ''Carrier Sense Multiple Access/Collision Detect" 
(CSMA/CD) effect found in some local area networks, such as Ethernet. 


Master-slave relationships exist on the IC bus; however, there is no central master. 
Therefore, a device addressed as a slave during one data transfer could possibly be 
the master for the next data transfer. Devices are also free to transmit or receive 
data during a transfer. 


To summarize, the |?C bus eliminates interfacing problems. Since any peripheral 
device can be added or taken away without affecting any other devices connected to 
the bus, the I@C bus enables the system designer to build various configurations 
using the same basic architecture. 


Application areas for the I2C bus include: 
Video Equipment 
Audio Equipment 
Home Appliances 
Telephony 
Automotive 
instrumentation 


Industrial Control 
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DESCRIPTION 

The MAB84XX family of microcontrollers 

is fabricated in NMOS. The instruction 

set is based on that of the 8048. The 

family consists of 8 devices: 

e MAB/F 8400-128 RAM bytes, 
external program memory 

e MAB/F 8401 — like 8400 but with 8- 
bit LED-driver (10mA), emulation of 
MAB/F 8422/42* possible 

e@ MAB/F 8420 -2K ROM/ 64 RAM 
bytes 

e MAB/F 8440 -4K ROM/128 RAM 
bytes 

@ MAB/F 8421 -2K ROM/ 64 RAM 
bytes plus 8-bit LED-driver 

e MAB/F 8441 -4K ROM/128 RAM 
bytes plus 8-bit LED-driver 

e MAB/F 8461 —-6K ROM/128 RAM 
bytes plus 8-bit LED-driver 


Each version has 20 quasi-bidirectional 
I/O port lines, one serial 1/O line, one 
single-level vectored interrupt, an 8-bit 
timer event counter and on-board clock 
oscillator and clock circuits. Two 20-pin 
versions, MAB/F 8422 and MAB/F 8442 
are also available. 


This microcontroller family is designed 
to be an efficient controller as well as an 
arithmetic processor. The instruction set 
is based on that of the MAB8048. The 
microcontrollers have extensive bit han- 
dling abilities and facilities for both bina- 
ry and BCD arithmetic. 


FEATURES 
e I2C Compatible Serial 1/O that 
can be used in single or multi- 
master systems (serial 1/O data 
and clock via P23 and SCLK 
respectively) 
8-bit: CPU, ROM, RAM and I/O in 
a single 28-lead DIL package 
2K, 4K or 6K ROM bytes plus a 
ROM-less version 
e 64 or 128 RAM bytes 
20 quasi-bidirectional !/O port 
lines 
e Two testable inputs: one of 
which can be used to detect 
zero cross-over; the other is also 
the external interrupt input 
Single level vectored interrupts: 
external, timer/event counter, 
serial I/O 
8-bit programmable timer/event 
counter 
Internal oscillator, generated with 
inductor, crystal, ceramic 
resonator or external source 
Over 80 instructions (based on 
SCN8048) all of 1 or 2 cycles 
Single 5V power supply (+ 10%) 
Operating temperature range: 

0 to +70°C MAB84XX family 


~40 to +85°C MAF84XX family 
-40 to +110°C MAF84AXX family 
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PIN CONFIGURATION 


CbD01420S 


Pinning diagram for mask-programmable devices 
MAB8420, MAB8421, MAB8440, MAB8441, 
MAB8461 and for MAB8400 and MAB8401 'Piggy- 
back’ version bottom pinning. 


TOP VIEW 
CD01410S 
NOTE: 
Pinning diagram for MAB8400/01B 'piggy-back' 
version top pinning to access a 2732 or 2764 
EPROM. Access times for ROMS/EPROMS to be 
below tuys. 
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ORDERING CODE 


See SCN8400 series in Microprocessor Data 
Manual 


PIN DESCRIPTION for Bottom Pinning 


DESCRIPTION PIN NUMBER FUNCTION 


Vss 14 Ground 

Voc 28 Power supply, +5V 

POO - P07 4-11 Port 0, 8-bit quasi-bidirectional I/O port 

P10—P17 18-25 Port 1, 8-bit quasi-bidirectional |/O port 

P20 —- P23 26, 27, 1, 2 Port 2, 4-bit quasi-bidirectional I/O port; P23 is the serial data |/O in serial |/O 
mode 


SCLK Bidirectional clock for serial I/O 


INT/TO External interrupt input (sensitive to a negative-going edge min LOW> > 7 clock 
pulse, min HIGH < 4 clock pulses), testable using the JTO or JNTO instructions. 
T1 Input pin, testable using the JT1 or JNT1 instructions. It can be designated as 
event counter input using the STRT CNT instruction. It can also be used to 
detect zero cross-over of slowly moving A.C. inputs. 
Input to initialize the processor (active HIGH). 
Connection to timing component (crystal) that determines the frequency of the 
internal oscillator. It is also the input for an external clock source. 
Connection to other side of the timing component. 


PIN DESCRIPTION for Top Pinning 


DESCRIPTION PIN NUMBER FUNCTION 


14, 22 Ground 

1, 26-28 Power supply, +5V 
10-3, 25, 24, Address outputs 

21, 23, 2 

11-13, Data inputs 

15-19 

20 Program store enable 


BUS) 


(DATA BUS) 


BD01150S 


Figure 1. Connection of EPROM to 'Piggy-back' Package MAB8400/01B 
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BLOCK DIAGRAM 


RESIDENT ROM 


8420:2 K BYTES 
8440:4 K BYTES 
8460:6 K BYTES 


DECODE 


LOWER 
PROGRAM 
COUNTER 


na 
ADDRERS 
REGISTER 
| __REGISTERS | 


& 
DECODER REGISTER 6 
REGISTER 7 
8 LEVEL STACK 
(VARIABLE LENGTH) 
ee SECOND 
Opeaereneaiae, BANK 


OECIMAL 
ADJUST 
DATA STORE 
CONTROL & TIMING 
iINWTO = RESET-~—séXTALL1 XTAL2 


RESIDENT RAM ARRAY 


INTERRUPT INITIALIZE OSCILLATOR 8400/01: 128 BYTES 
XTAL 8420/21: 64 BYTES 

8440/41: 128 BYTES 

8461: 128 BYTES 


BD01161S 


For additional information, consult the Applications Section and Signetics Microprocessor 
Data Manual 
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Speech Synthesizer 


MEA8000 


DESCRIPTION 


The MEA8000 is a 24-pin N MOS integrated 
circuit for generating good quality speech 
from digital code with a programmable bit 
rate. The circuit is primarily intended for 
applications in microprocessor controlled 
systems, where the speech code is stored 
separately in a Read-Only Memory. An effi- 
cient, easy-to-use speech editing and en- 
coding system with EPROM programming 
capability, has been specially developed. 


APPLICATIONS 
¢ Telephony 
e Automotive 
¢ Computer response/prompt. 
e Video games. 
¢ General industrial. 


BLOCK DIAGRAM 


tt { osc our 17 


ci in 48 
cLk our 2! 


SELECTION 


| 


PERIODIC 

SOURCE 

"NOISE 
SOURCE 


Coie cee timmee rt ce i nn ce ene ce ae eee nae ee ane ee anger ne Re ere omer Re aan nen Ree nee ale Ree se cece aoe ee 


Vss Vpp NC TEST 
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FEATURES 


e Microprocessor interface cability in- 
cluding an 8-bit data bus, an enable and a 
read/write input control signals. 

* 32-bit data buffer holding speech frame 
codes. . 

* Digital filter of 8th order with 3 program- 
mable formant frequencies, one fixed for- 
mant frequency, and 4 programmable for- 
mant bandwidths. 4 KH bandwidth. 

¢ Programmable amplitudes. 

° Programmable duration of each frame: 8, 
16, 32, or 64 milliseconds. . 

° Low data rate: average 1000 bits/sec. 

¢ Operates from standard EPROMs/ROMs. 

* Minimal external audio filter requirement. 

¢ Crystal controlled oscillator or external 
(TTL) clock. — 

¢ Single +5V power supply. 


MICROPROCESSOR INTERFACE 


ce 
GENERATOR 


, CODE-TO-PARAM ETER ROM 


PARAMETER INTERPOLATION LOGIC 


PIN CONFIGURATION 


REQ 


SPECTRAL SHAPING 


FM1BW1 | FM2BW2!1 FM3BW3 | FM4BW4 


I: ! 
FORMANT RESONATORS 


SAMPLE INTERPOLATOR 


SPEECH OUTPUT 
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TOP VIEW 
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FUNCTIONAL PIN DESCRIPTION 


N PACKAGE 


R/w 

CLK OUT 
OUT 

REF 

CLK IN 
OSC OUT 
OSC IN 
NC 
REQEN 
Vcc 


TOP VIEW 


| PINNO. | SYMBOL NAME AND FUNCTION 


CONTROL 
po 2 | RG DATA REQUEST output signal (open drain) which follows the inverse of the status REQ bit, but 
a45-40 D7 to DO Data bus to which command or encoded speech parameters can be written. D7 is a bidirectional 
e we line through which the status bit can be read. 
11 AO 


only if enabled by either the ROE bit in the command register or the external REQEN input pin. 
Data/contro! input. Discriminates between speech code input buffer (AO = ‘0’) and command register 
(AO = ‘1’) during a ‘write’ operation. 


12 CE Chip enable, Read/Write, Write These control signals provides an easy interface to most 

22 vv microprocessors or microcomputers (see timing 

23 W diagrams). 

14 Request enable input. REQEN = ‘0’ enables the status REQ bit to appear inverted on the REQ out- 
put, independent of the command register. 


TIMING 


16 OSC IN Connections for internal clock oscillator. Nominal crystal frequency is 3.84 MHz. OSC IN must be 
17 OSC OUT tied to ground if CLK IN is used. 
18 


Clock input for external clock, TTL compatible, 3.84 MHz. Must be tied to ground when not used. 
21 A buffered output of the internal clock cycle (= CLK IN divided by 3). 


OUTPUT 


19 REF Reference Current Input pin for biasing the audio output level. This reference current can be 
derived from a resistor to the positive supply. 
OUT 


Speech output. This output is a 64 kHz pulse, modulated in both width and amplitude. It is 


configured as a current sink with a saturating voltage of about 3V. 
SUPPLY 


| Mss | Ground 
Single supply voltage. Nominally 5V, but battery operation is also possible. 
TEST Used for testing purposes. Changes other pin functions. Must be tied to ground for user operation. 
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ABSOLUTE MAXIMUM RATING 


UNIT 


. . 


Operating ambient temperature range 


Tp 


DC ELECTRICAL CHARACTERISTICS T, = 25°C: Voc = 5V, unless otherwise stated. All voltages referenced to Vg 


MEA8000 
SYMBOL AND PARAMETER 
| Voc 


Supply voltage (note 1) 
lec Supply current 


DO to D7, AO, CE, W, R/W, REQEN, CLK IN: 
Vin Input HIGH voltage 
Vit Input LOW voltage 
li; Input Leakage current (note 2) 
C, input Capacitance 


D7 (VO) , CLK OUT: 
Output HIGH voltage lon = — 100 pA 
Output LOW voltage lo. = 1.6 mA 
Output Load capacitance 

REQ: | 
Output HIGH voltage Open drain 
Output LOW voltage lol = 1.6 mA 
Output Load capacitance 


Audio output 
lrer Reference current (note 8) - Pin 19 
lout Output current (peak) - Pin 20 


ne 
a 
| 

© 

3 

> 


iow u 


Vout Vout (pin 20) for linear operation (note 3) 


Oscillator 
fytaL Crystal frequency internal 
fork Clock frequency External 


NOTES 

1. The circuit will continue to operate from a supply of up to 6.5V, but without necessarily meeting the specification. 
2. This is also valid for Vog = OV. 

3. This permits connection of the output load to a supply higher than that supplying the synthesizer. 
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AC ELECTRICAL CHARACTERISTICS (note 4) (Figure 4 and 5) 


SYMBOL AND PARAMETER TEST CONDITION aetna UNIT 
| | Min | Typ [| Max 


Write enable pulse width. 
Address set-up time. 
Address hold time. 
Data set-up time for write operation. 
Data hold time for write operation. 
Request hold time (note 5) 
Request next (note 6) Clock frequency = 3.84 MHz 
Read enable time. 
Data delay for read operation (note 7) 
Data floating for read operation (note 7) 
Request valid before a write operation. 
Request output enable response. 
Control set-up time. 

tcH Control hold time. 


NOTES 


4. Timing reference level is 1.5V. 

5. An external pull up resistor is required, as this is an open drain output. The time (tp,,) to reach 2.0V is specified at a load to 5V of 3.3 kQ and 50 pF. 
6. Between two data write operations of one speech frame. 

7. Levels greater than 2.0V for a ‘1’ or less than 0.8V for a ‘0’ are reached with a load of one TTL input and 50 pF. 

8. Typical voltage level at the REF pin is 2.5V. 
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PRINCIPLE OF OPERATION 


The MEA8000 voice synthesizer implements 
the vocal tract modeling technique of voice 
synthesis (also known as_ formant 
synthesis). This technique results in produc- 
ing good quality speech with the lowest 
possible bit rates; this will in turn mean 
small memory size requirements. 


, Figure 1 shows an electronic model of the 
human vocal tract. A mixture of a periodic 
signal, representing the pitch of the original 
speech, and an aperiodic signal, represen- 
ting the unvoiced sound in the speech, is fed 
via an amplifier stage to a variable filter 
comprising of four resonators. The amplifier 
controls the amplitude of the synthesized 
sound while the resonators model the sound 
in accordance with the formants in the 
original speech. Each resonator is controll- 
ed by two parameters, one for the resonant 
frequency and one for the bandwidth. The 
information required to control such a syn- 
thesizer system is defined by the pitch fre- 
quency, the amplitude values, the voiced/un- 
voiced source selection and the resonator 
settings. By periodic updating of this control 
information one can obtain a good replica of 
the original speech. 


Operation 

The MEA8000 generates speech output by 
suitable filtering of a relatively low frequency 
sawtooth waveform for voiced sounds or for 
random noise for unvoiced sounds. 


VOICED 


ahha 


NOISE 
UNVOICED 


Speech encoded parameters, controlling the — 


on-chip periodic source and digital filter, are 
transmitted on the 8-bit data bus from exter- 
nal memory to the MEA8000 under the con- 
trol of an external microprocessor or 
microcomputer. 


At first, a byte containing the starting pitch 
code must be transmitted to the MEA8000. 
This byte goes directly to the pitch 
generating circuitry via the input interface 
logic. Subsequent pitch frequencies are 
then specified using the pitch increment 
parameter; this method of encoding pitch 
contributes to the low bit rate requirements. 


After receiving the starting pitch code, the 
codes of each speech frame (32 bits), when 
received, are shifted into a four-byte input buf- 
fer before being translated into control 
parameters by the code-to-parameter ROM 
(See Block Diagram). The parameter interpola- 
tion logic calculates the difference, and inter- 
polates linearly between consecutive 
parameters to smooth the parameter transients. 
The interpolation interval is decoded using the 
two Frame Duration (FD) bits in each speech 
frame. Because the FD bits specify a frame 
duration of 8, 16, 32 or 64ms, the resulting 
average bit rate is about 1000 bits/sec. 


Since the on-chip output sampling rate is 
64KHz, the need for an external analog out- 
put filter is greatly reduced. 


2nd ORDER 
DIGITAL 
FILTER 


2nd ORDER 
DIGITAL 


FILTER FILTER 


SPECTRAL SHAPING 
RESONATORS 


Modes of Operation 


1. STOP mode: characterized by a silent out- 
put and the status REQ bit set to ‘1. This mode 
is entered from power up or by STOP com- 
mand. The mode is entered automatically if at 
the end of an active speech frame the next four 


parameter bytes are not yet received while the 


CONT bit in the command register is a ‘0’. In 
the latter case the final speech frame will be 
repeated once but with a decaying amplitude 
and the same pitch. 


2. ACTIVE mode: a speech sample is being 
produced. 


3. CONTINUOUS mode: entered if an active 
speech frame is finished and new data is not 
supplied in time while the CONT bit in the com- 
mand register is a ‘1. The synthesizer will 
repeat the last speech frame indefinitely until 
all four new data bytes are received, a STOP 
command has been issued or the CONT com- 
mand bit has been reset. 


Control Signals 


With the three control signals CE, W and R/W, 
provided on 3 external pins, the MEA8000 voice 
synthesizer chip is made compatible with most 
popular microprocessors and microcomputers. 
Please refer to the timing diagrams for timing 
requirements. 


2nd ORDER 
DIGITAL 
FILTER 


Figure 1. Electronic Model of Human Vocal Tract. 


September 1985 


5-274 


Signetics Linear Products 


Speech Synthesizer 


Addressing the MEA8000 


The MEA8000 voice synthesizer chip is ad- 
dressed as a peripheral device to the host 
microprocessor or microcomputer. The three 
control signals, CE, W, and R/W along with 
the AO address input, allow the MEA8000 to 


Speech Code Input Buffer 


The MEA8000 has a 32-bit (4-byte) input buf- 
fer. This buffer holds the speech encoded 
parameters for one speech frame. 


Starting from the STOP mode — see 
Modes of Operation — the first data byte 
received by the MEA8000 will be inter- 
preted as a starting value for the pitch. 
Every four successive data bytes received 
thereafter are treated as a group of speech 
code. The coded speech frame format is 
shown in Figure 2. 


Writing a data byte into the MEA8000 will, 
automatically, clear the status REQ bit to “0”. 
Within a group of 4 bytes (i.e. one speech 
frame), the REQ output (if enabled) will be acti- 
vated within 3us, measured from the trailing 
edge of CE or W (depending on which is used 
as the write strobe — see Timing), indicating 
a request for the next byte within the same 
group. Note that this time is extended to a multi- 
ple of 8ms (8, 16, 32 or 64) after writing the 
fourth, or last, byte of a group. This allows the 
host microprocessor enough time to use poll- 
ing, instead of interrupts, since the minimium 
time of a speech frame is 8ms. 


When in the STOP mode, the MEA8000 voice 
synthesizer will commence producing sound 
after receipt of 5 bytes (Figure 2). 


be addressed as an I/O device or as a 
memory device in a memory-mapped I/O 
system. 


The input buffer and the command register are 
write-only while the status register is a read- 
only, as depicted in the following table: 


OPERATION 


Write Data 
Write Command Register 


Read Status Register 
Three-State Data Bus 
Three-State Data Bus 


BW1!BW2! BW3' BW4 


BYTE 1 
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Status Register 


The MEA8000 status register consists of a 
single bit: REQ. The status REQ bit appears 
on bit 7 of the data bus, D7, when reading 
the status register. The REQ output carries 
the inverse polarity of the status REQ bit. 
When the status REQ bit is a “0”, the 
MEA8000 is busy and cannot accept any 
write data. The MEA8000 requests more 
data by setting its status REQ bit toa “1”; in 
this case the REQ output pin is active “0” 
only if this output is enabled. The REQ out- 
put is enabled either by hardware by con- 
necting REQEN pin to ground, or by soft- 
ware by setting the ROE bit in the command 
register to a “1” while holding REQEN pin 
high. The MEA8000 voice synthesizer chip 
can then be used in an interrupt driven en- 
vironment or in a polled type structure. 


t AMPL |! FD! Pi 


BYTE 4 


Figure 2. Format of Coded Speech Frame 


Starting Pitch Initial value for pitch 


SYMBOL AND PARAMETER BITS | 


FD Speech frame duration 

Pl Pitch increment (rate of pitch change) or noise 
selection 

AMPL Amplitude 

FM1 Frequency of 1st formant 


Frequency of 4th formant (fixed at 3500 Hz) 


FM2 Frequency of 2nd formant 
FM3 Frequency of 3rd formant 
FM4 

BW1 Bandwidth is 1st formant 

BW2 Bandwidth of 2nd formant 
BW3 Bandwidth of 3rd formant 


Bandwidth of 4th formant 
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Command Register 


The MEA8000 has a 5-bit command register. 
A command word is written into the command 
register by performaing a write operation with 
AO input being set to “1”. 


The following explains the various command 
bits in the command register: 


STOP results in an immediate reset of the 
synthesizer to the STOP mode. The 
ROE and CONT are not affected by 
this command. oe 


CONT Continuous mode. This bit can be set 
or cleared only if the corresponding 
CONT enable bit is programmed as a 
‘1’. In the continuous mode the syn- 
thesizer will not revert to the STOP 
mode if all four parameters are not 
received before the end of the current 
speech frame, but will repeat it 
indefinitely. 


If CONT = ‘0’, the last frame will be 
repeated once with decaying ampli- 
tude and the same pitch before the 
stop mode is entered. 


‘0’ = Noaction| 01 
Not used 
4’ =Stop 11 


ROM Mapping 

The external ROM that stores the speech 
codes of an utterance or a word (called a 
speech file) also stores the starting pitch byte 
and the file header. The header comprises 
three bytes, two that indicate the number of 
bytes in the file and one that allows additional 
data to be encoded for each file. 


Usually, more than one speech file will be 
stored in a ROM. An index is made by listing 
the 2-byte starting addresses of each file at the 
beginning of the ROM. The end of the index 
is indicated by the bytes FF FF. Figure 3 shows 
examples of ROM mapping. 


Power Supply 


During (slow) power-up or power-down, the 
MEA8000 voice synthesizer will not produce 
any spurious sound. When powering-up the 
device, the MEA8000 will be in the STOP mode 
with command bits ROE and CONT being set 
to “0”. 


Speech Editing and Encoding 
System 


A specially designed speech editing and 
encoding system, targeted for use with the 
MEA80000, has been developed. The 
system consists of a Speech Adapter Box 
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CONT 
enable 


00 = No action 
No action 


CONT 


10 = Slow stop 
Continue 


(SAB), a customized software package, and 
a general purpose personal computer. 


The system is capable of programming the 
PROM’s with the most efficient speech 
parameters. These parameters, when read by 
the MEA8000 voice synthesizer chip, will pro- 
duce the best quality speech possible that this 
chip is capable of delivering. 


Timing Diagrams 

Read and write timing diagrams are depicted 
in Figures 4, 5, and 6. Note that for a read 
operation, either CE or R/W can be used as 
the read strobe whereas for a write operation, 
either CE or Wcan be used as the write strobe. 
This allows great flexibility in system design. 


Figure 7 shows the timing sequence en- 
countered when writing speech code data in- 
to the MEA8000. In the figure, data is written 
on the rising edge of CE. Starting in the STOP 
mode, the first byte to be written is the starting 
pitch. This is followed by 4 consecutive bytes, 
representing the first speech frame to be writ- 
ten into the MEA8000. Note that within the 
same frame, REQ output pin (if enabled) is ac- 
tivated within Sus indicating, to the host 
microprocessor, its readiness to accept the next 
byte. After receiving the fourth byte of a speech 
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ROE Request Output Enable. This bit can 
be set or cleared only if the correspon- 
ding ROE enable bit is a ‘1’. ROE 
determines whether the request in the 
status bit appears on the REQ pin. 
Note: the same can be achieved by 

_ connecting the REQEN pin (request 
enable) to a ‘0’. 


After power on, the command register bits 
CONT and ROE will both be zero. Thus power 
on equals the command 00011010 = 1A 
(hexadecimal). 


= No action 

= No action _ 
Disable REQ output 
Enable REQ output 


frame, the REQ output pin will not be ac- 
tivated. until the frame duration period 
(specified by the two FD bits) has elapsed. 
This time is equivalent to 8, 16, 32 or 64ms. 


System Configurations 


Figure 8 shows a minimal system configuration 
for a voice application system using a general 
purpose microprocessor or a single chip micro- 
computer. In the latter case, speech code 
parameters are stored in the on-chip microcom- 
puter ROM. 


Figure 9 depicts a speech synthesis system us- 
ing the SCN8051, 8-bit single chip microcom- 
puter. Separate external program memory and 
speech parameters memory is shown, using 
64K ROM chips. Note that external buffers 
might be needed on PO (0-7) depending on 
loading conditions. 


Figure 10 shows a typical audio output stage 
configuration using the TDA1011 audio 
power amplifier chip while Figure 11 depicts 
an audio output stage for 8 ohm speaker 
using discrete components. 


The oscillator/clock configurations are de- 
picted in Figure 12. 
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ROM I ROM <a 
: : . STARTING 
: 2 FILE g “I ADDRESSES 
STARTING IN ROM I 
IN ROMs 
a " 
Ao | 
a 0 
Am-1 | 
FILE (M — 1) 
ROM I Am-1 
ee eo 4 
FILE 
ADDRESSES 
ROM II ROM II 
FILE M 
; FILE 
HEADER FILE LENGTH Ze 5 A apabecce 
Se erat ang, IN ROM I 
STARTING PITCH t 
Am 
FILE M 
FILE P 
Ay m 
HEADER p 
OF FILE 1 
EMPTY FILE P 


LAST FRAME | 


|< s.r» |< _o.sr_—>! |. _s-s1r-—-»| 


(a) (b) (c) 


Figure 3. Examples of ROM Memory Mapping; (a) Vocabulary in One ROM, (b) and (c) Vocabulary in Two ROMs. 
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Figure 4. (a) Chip Enable (CE) Used as a Read or Write Strobe; (b) Separate Read and Write Strobes. 


tro 


a " 
i tor 
; VALID READ ; . 


DATA 


R/W USED 
as fags STROBE 


Figure 5. Read Timing 


NOTES 
Address input AO is a don’t care. Data bits DO to D6 remain floating. 
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CE USED 
AS STROBE 
W = ‘Q’ 


- 
oO 
7) 


eal 


COMMAND = ‘1’ 
DATA = ‘0’ 


_ 


tou 


VALID WRITE 
DATA 


~ 


, 


WHEN WRITING 
DATA INTO THE 
INPUT BUFFER 


WHEN WRITING 

A COMMAND WORD 
TO MANIPULATE 
THE ROE COMMAND 
BIT 


[A 


Figure 6. Write Timing 


AO = 1 AQ = 0 
(ADDRESS | (ADDRESS 
COMMAND | INPUT 
REGISTER) | BUFFER) 

<gms 200ns min 


—_— 


| «8, 12, 32 or 64ms >»! 


| 
COMMAND 350ns max 


| 
| 
STOP | 3 us max 
| 
| 


1ST SPEECH FRAME 2ND SPEECH FRAME 


Figure 7. Speech Code Data Write Timing Sequence 
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DATA DO--D7 


SINGLE CHIP MEA8000 


MICROCOMPUTER 


a. Minimal System: Single Chip Microcomputer With On-chip Voice ROM. 


MICROPROCESSOR ma MEA8000 


CONTROL 
PROCESSOR MEA8000 


c. Applications Using Separate Voice ROMs. 


Figure 8. Typical Application Configurations. 
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ENCODED SPEECH 
PARAMETERS STORE 
EXTERNAL PROGRAM (UP TO 4 MINUTES OF SPEECH) 
MEMORY 


( 
(1.2-12 MHz) 


Figure 9. Speech Synthesis System Using the 8051 8-Bit Microcomputer 


*External buffers might be needed. 
**Connect EA to ground for the ROM less version (SCN 8031). 
***=N is a single F/F when XTAL frequency is around 8 MHZ 
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Figure 10. Audio Output Stage—Typical Configuration 


22kQ (0.1. F 


OUT 


Vpop 


~L220 tL220 L100 +447 
pF uF pF uF 


Figure 11. Audio Output Stage Using Discrete Components (80 Speaker) 


MEA8000 MEA8000 MEA8000 


osc Osc osc 
OUT OUT OUT 


Figure 12. Oscillator/Clock Configurations 
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DESCRIPTION 

The OM8001 is an MEA8000-based 
speech demonstration box. It contains 
all the necessary circuitry and software 
to reproduce over 100 seconds of 
speech. The OM8001 may be used for 
evaluation purposes. 


FEATURES 
e Based on the MEA8000 speech 
synthesizer 


e Complete stand-alone speech 
system 


e Built-in amplifier and loudspeaker 


e Output selection via thumbwheel 
switches 


e Automatic power-down mode 


e Easily exchangeable speech 
EPROMS 
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DESCRIPTION 

The OM8010/8011 are stand-alone 
speech editing and encoding systems 
for creating synthetic digitized speech 
for use with the MEA8000 speech syn- 
thesizer. Both systems are based on 
popular personal computers: the 
OM8010 on the Hewlett Packard 9816S, 
and the OM8011 on the IBM PC. Along 
with the Speech Adaptor Box, these 
systems allow users to quickly create 
their own speech vocabulary. 


September 1985 


The system functions include instant 
access to original, synthesized, edited 
and unedited speech. This creates a 
user-friendly environment where all 
phases of editing can.be accessed and 
compared with each other. In addition, 
the system allows for independent edit- 
ing of each speech parameter, a high- 
resolution graphical display of all speech 
parameters, and a wheel-controlled cur- 
sor (HP system) allowing for frame-by- 
frame sounding of each speech sample. 
An on-board PROM programmer makes 
the OM8010/8011 a complete stand- 
alone system for creating unlimited 
speech vocabulary. 
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FEATURES 

e IBM PC or HP 9816S compatible 

e Sampling of analog speech 
signals 

e Marking of begin and end of 
utterance 

e Formants/pitch analysis program 

e Graphical parameter 
representation 

e Parameter editing capability: 
formants, pitch, voiced/unvoiced, 
amplitude, frame duration 

e Conversion of parameters to 
synthesizer codes 

e EPROM programmer on-board 

e Parameter and code storage on 
floppy disc 
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i 
i 


STORE ON FLOPPY DISC 


< 
m 
@ 


CODE DESIRED UTTERANCES 


ARRANGE IN DESIRED ORDER 


PROGRAM EPROM 


Speech Coding Process Flowchart 
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GENERAL DESCRIPTION 


The PCF8200 is a CMOS integrated circuit for generating good quality speech from digital code with 

a programmable bit rate. The circuit is primarily intended for applications in microprocessor controlled 
systems, where the speech code is stored separately. 

Applications include automotive, telephony, personal computers, annunciators, aids for the handicapped, 
and general industrial devices. 


Features 

@ Male and female speech with good quality 

@ Speech-band from 0 to 5 kHz 

@ Bit-rate between 455 bits/second and 4545 bits/second 

@ Programmable frame duration 

@ Programmable speaking speed 

® CMOS technology 

® Operating temperature range —40 to + 85 °C 

@ Single 5 V supply with low power consumption and power-down stand-by mode 

@ Interfaces easily with most popular microcomputers and microprocessors through 8 bit parallel 


bus or I?C bus 

Software readable status word (parallel bus or |?C bus) 
BUSY-signal and REQN-signal hardware readable 
Internal low-pass filter and 11-bit D/A converter | 


QUICK REFERENCE DATA 


parameter symbol min. typ. max. unit 
Supply voltage Vpp — 5 _ V 
Supply current IDD _~ 10 t.b.f. mA 
Supply current (stand-by) IDD(sB) — 200 — MA 
Inputs | | 

_ Input voltage ViH 2,0 ~ Vpop V 
Input voltage - VIL QO _ 0,8 V 
Input capacitance C| . _ 7 — , pF 


Outputs (D5 to D7) 


Output voltage high ~~ Von 3,5 — Vop V 
Output voltage low VOL 0 — 0,4 V 
Load capacitance CL _ _ 80 pF 
Operating ambient 7 

temperature range Tamb —40 _ + 85 °C 
PACKAGE OUTLINE 


24-lead DIL; plastic (SOT-101A). 
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Fig. 1 Block diagram. 
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Signetics Linear Products Product Specification 
CMOS Male/Female Speech Synthesizer PCF8200 
PINNING 
1 Vpp-A supply 
2 VREF supply 
3 OUT output 
4 Vss-a supply 
5 NC not connected 
6 TEST input 
7  OSCI input 
8 OSCO output 
9 SERN/PAR input 
10 REQN output 
11 BUSY output 
12 Vss.p supply 
13 CEN input 
14 RN/W input 
15 WN input 
16 SDA/D7 input/output 
17. SCL/D6 input/output 
18 D5 input/output 
19 D4 input 
20 D3 input 
21 D2 input 
22 D1 input 
23 DO input 
24 Vpp-p supply 
Fig. 2 Pinning diagram. 
RATINGS | 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage* Vpp min. —0,3 max. 7,5V 
Input voltage* Vi min. —0,3 max. 7,5 V 
Output voltage* Vo min. —0,3 max. 7,5 V 
Operating ambient temperature range Tamb —40 to+ 85 °C 
Storage temperature range Tstg —55 to+ 125 °C 


* Any pin with respect to Vgs. 
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CMOS Male/Female Speech Synthesizer PCF8200 


FUNCTIONAL DESCRIPTION 


The synthesizer has been designed for a vocal tract modelling technique of voice synthesis. An excitation 
signal is fed to a series of resonators. Each resonator simulates one of the formants in the original speech. 
It is controlled by two parameters, one for the resonant frequency and one for the bandwidth. Five 
formants are needed for male speech and four for female speech. The output of this system is defined by 
the excitation signal, the amplitude values and the resonator settings. By periodic updating of all para- 
meters very high quality speech can be produced. 


OPERATION 


Speech characteristics change quite slowly, therefore the control parameters for the speech synthesizer 
can be adequately updated every few tens of milliseconds with interpolation during the interval to ensure 
a smooth changeover from one parameter value to the next. In the PCF8200 the standard-frame duration 
can be set to 8,8 , 10,4, 12,8 or 17,6 milliseconds with the speed-option, speaking speed, in the command- 
register. 

The duration of each individual speech frame is programmable to be 1, 2, 3 or 5 times the standard-frame 
duration. 


Table 1. Frame duration as a function of speed-option (FS1, FSO) and frame-duration (FD1, FDO). 


10 01 00 11 FS1, FSO 
00 8,8 10,4 12,8 17,6 ms 
01 17,6 20,8 25,6 35,2 ms 
10 26,4 31,2 38,4 52,8 ms 
11 44,0 52,0 64,0 88,0 ms 


FD1, FDO 


The excitation signal is a random noise source for unvoiced sounds and a programmable pulse generator 
for voiced sounds. Both sources have an amplitude modulator which is updated 8 times in one speech- 
frame by linear interpolation. The pitch is updated every 1/8 of a standard frame. 


The excitation signal is filtered with a five formant filter for male speech and a four formant filter for 
female speech. The formant filter is a cascade of all second-order sections. The control parameters, formant- 
frequency and formant-bandwidth, are updated eight times per speech frame by linear interpolation. 

A block diagram of the formant synthesizer is shown in Fig. 3. 


The filter output is upsampled to 80 kHz and filtered with a digital low-pass filter. Before the signal is 
digital to analogue converted (DAC), with an 11-bit switched capacitor DAC, the signal is multiplied 
with a DAC-amplitude factor. The use of a digital filter means that no external audio filtering is required 
for low-medium applications and minimal filtering is required for those applications requiring very high 
quality speech. 


UPSAMPLED 
DIGITAL 
FILTER 


SPEECH 
OUT 


7Z80616 


PULSE 
GENERATOR 


Fig. 3 Block diagram of formant synthesizer. 
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DATA FORMAT 


Three types of format are used for data transfer to the synthesizer. 


DAC-amplitude factor 


The DAC-amplitude factor is one byte, which is used to optimize the digital speech signal to the 11-bit 
DAC. It is the first byte after a STOP or a BADSTOP or Vpp on. Table 2 indicates the amplitude factor. 


Table 2 DAC amplitude factor. 


byte factor dB 
01110000 3,5 10,88 
10110000 3,25 10,24 
00110000 3,0 9,54 
11010000 2,75 8,97 
01010000 2,5 7,96 
10010000 2,25 7,04 
00010000 2,0 6,02 
11100000 1,75 4,86 
01100000 1,5. 3,52 
10100000 1,25 1,94 
00100000 1,0 0,00 
11000000 0,75 —2,50 
01000000 0,5 —6,02 
10000000 0,25 —12,04 
00000000 0,0 
11110000 HEX code FO and is not allowed as a DAC amplitude 
Start pitch 


The second byte after a STOP or BADSTOP, or Vpp on is the start pitch. It is a one byte start value 
for the on-chip pitch-period generator. 


Frame Data 


The frame data is a five byte block which contains the filter and source information: 


pitch increment/decrement value 5 bits 
amplitude 4 bits 
frame duration 2 bits 
frequency of 1st formant | 5 bits 
frequency of 2nd formant 5 bits 
frequency of 3rd formant 3 bits 
frequency of 4th formant 3 bits 
frequency of 5th formant 1 bit 

bandwidth of 1st formant 3 bits 
bandwidth of 2nd formant 3 bits 
bandwidth of 3rd formant 2 bits 
bandwidth of 4th formant 2 bits 
bandwidth of 5th formant 2 bits 


40 bits = 5 bytes 
The frame-data bits are organized as shown in Fig. 4. 
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7280617 


It is not allowed to set byte 0 to the hexadecimal value EO. 


Fig. 4 Format of frame-date. 


CONTROL FORMAT 
Command Write 


A command write consists of two bytes, and it may occur before a data block. The four bits which can 
be written are shown in Fig. 5. 


byte 0 1 1 1 0 0 0 0 0 "EOQ” 


byte 1 0 0 STOP MN/F- 0 0 FS1 FSO 
7280618 


Fig. 5 Control write: first byte fixed, second byte control. 


FSO, FS1 speed option 


FS1 FSO speech standard-frame 


speed duration 
0 0 100% 12,8 ms 
0 1 123% 10,4 ms 
1 0 145% 8,8 ms 
1 1 73% 17,6 ms 


MN/F, male/female option 


MN/F =O male quantization table 
= 1 female quanti:zation table 


STOP 


STOP = 1 stop; repeat last complete frame with amplitude = 0 
(no excitation signal) 
= 0 if the frame data is not sent within the duration of a half 
frame, there will be a BADSTOP: 


1. REON =1STOP=0 
2. Repeat last frame with amplitude = 0 
3. BUSY =0 
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Status Read 


Three status bits can be read out at any time without a preceding byte an 
This is shown in Fig. 6. 


D7 DO 
REQN BUSY STOP x x x x xX 


7Z80619 


Fig. 6 Status read. 


REON 1 No data required 
O Synthesizer requesting for new data 
BUSY = 1 Busy (an utterance is pronounced) 
= 0 Idle, REQN will set to 1; the synthesizer is in STOP or BADSTOP mode 


STOP The STOP bit is the same as the stop bit written to the 
synthesizer during a command write. 
STOP = 1, BUSY = 0 stopped by the user. 
STOP = 0, BUSY = 0 BADSTOP because the data was not sent in time. 


After initial power-up the status/command register is set to the following status: 


FSO, FS1 = O Standard-frame duration of 12,8 ms 
MN/F =O Male quantization table 

STOP = 1 

BUSY = 0 Idle 

REQN = 1 No data required 


INTERFACE PROTOCOL 


Data can be written to the synthesizer when REQN = 0 or, when REQN = 1 and BUSY = 0. Figure 7 
shows the interface protocol of the synthesizer. 

In parallel mode the synthesizer is activated by sending the DAC-amplitude factor. In serial mode the 
DAC-amplitude factor can be sent as soon as the synthesizer is powered-up. 


The 1?C transmitter/receiver will then acknowledge. When the request for the pitch-byte occurs the 
byte must be provided within the duration of a half standard frame. If the byte is not provided in time 
a BADSTOP will be generated. 


During each data write operation, the status bit REQN will be set to ‘1’. 

Within a frame data block, it disappears within a few microseconds, asking for the next byte of that 
block. If the bytes of frame data are not provided within the time-duration of a half frame, a BADSTOP 
will be generated. 


I2C ADDRESS 
On chip there is a I|?C slave receiver/transmitter with the address: 


76543210 
0010000 R/W 
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POWER UP 
The synthesizer will be set to power-up on a parallel-write sequence. 
PAR-mode: The input-latches are active so they can receive the first byte 
SER-mode: The I*C transmitter/receiver will not acknowledge until the synthesizer has powered- 


up. To power up the synthesizer a parallel write sequence (Fig. 9) must be made to 
the synthesizer by using external logic for the control lines; at least one line must be 
toggled, CEN, while WN = 0 and RN/W = 1. 

The synthesizer can be set to permanent power-up by hard-wired control pins 

(CEN = 0, RN/W = 1, WN = 0). 


POWER DOWN MODE 


When BUSY = 0 the synthesizer will be set to power-down. In the power-down mode the status/command 
register will be retained. 

In power-down mode the clock-oscillator is switched off. After initial Vppp the synthesizer is in power- 
down mode. 


SERN/PAR 
SERN/PAR is hard-wired to Vpp or Vss. 


HANDLING 
All inputs and outputs are protected against electrostatic charge under normal handling conditions. 
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CHARACTERISTICS 


Tamb = —45 to + 85 °C; supply voltage (Vpp to Vss) = 4,5 V to 5,5 V with respect to Vcc, otherwise 
specified 


ee ee 


Supply 

Supply voltage 
Supply current 
Standby current 


Inputs 
CEN, RN/W, WN, OSCI 


Input voltage HIGH 
Input voltage LOW 
Input leakage current 
Vin =0 to 5,5 V 
Rise and fall times (note 2) 
Input capacitance 


PARALLEL MODE 


Input Characteristics 
(DO to D7) 


Input voltage HIGH 
Input voltage LOW 
Input leakage current 
(Vin =0t0 5,5 V, 
output off) — 
Input capacitance 


Output Characteristics 
(D5 to D7 only) 


Output voltage HIGH 
(lIoH = —100 vA) 
Output voltage LOW 
~ (lop = 3,2 mA) 
Load capacitance 
Rise and fall times (note 3) 


SERIAL MODE 


Input Characteristics 
(SDA and SDL) 

Input voltage HIGH 

Input voltage LOW 

Input leakage current 
(Vin =Oto5,5V, 
output off) 

Input capacitance 

Output Characteristics 
(SDA only, open drain) 

Output voltage LOW 

(lot = 3 mA) 
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a 


OSCILLATOR 
Crystal frequency 


VREF 
Reference voltage 


Input leakage current 


Outputs 
REQN, BUSY 
Output voltage HIGH 

(IO = 100 nA) 3,5 _ Vpp 
Output voltage LOW 

(lo, = 3,2 mA) 0 _ 0,4 
Load capacitance — _ 80 
Rise and fall times (note 3) ae - 50 


OUT 


Output voltage 
Minimum external load 


0,66 x Vee 1,34 x VReF 
600 — — 


Timing characteristics 
(note 1) (Figs 8 and 9) 


Write enable 

Data set-up for write 

Data hold for write 

Read enable 

Data delay for read (note 2) 

Data floating for read 
(note 2) 

Control set-up 

Control hold 

REQ new (new byte of the 
same speech frame) 

REQ Valid 

REQ Hold 


— t.b.f. (* 3) 


t.b.f. 


NOTES TO THE CHARACTERISTICS 


1. Timing reference level is 1,5 V; supply 5 V + 10%; temperature range of —40 °C to 85 °C. 

2. Levels greater than 2 V for a ‘1’ or less than 0,8 V for a ‘O’ are reached with a load of one TTL 
input and 50 pF. 

3. Rise and fall times between 0,6 V and 2,2 V levels. 
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DAC 
AMPLITUDE 
FACTOR 


PITCH 

SEND no 
CONTROL 
CONTROL 

BYTE 


COMMAND 
STOP 7Z80620 


Fig. 7 Interface protocol. 
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Timing diagrams 


Product Specification 


PCF8200 


The control signals CE, R/W and W have been specified to enable easy interface to most microprocessors 
and microcomputers. For instance with connection to an MAB8048 microcomputer the R/W and W 


inputs can be used as the RD and WR strobe inputs. 


CE=Q) 0 ————— or —————— W= 0 


Wo \. write / CE WRITE READ 
R/W READ i ea 


Typical connection of control signals. 


trp 
CE 
CE used 
as strobe tes tcH 
W = 'Q’ x 
R/W 
R/W - 
R/W used as 
read strobe tcs tcH 
CE ='0' oe 
W 
‘DF 
Fig. 8 Read timing. 
ee twr 
CE 
CE used 
as strobe j<—tos > <-toy 
W = ‘0’ 
R/W 
tcs > TCH 
W used | Ryw 
as write 
Strobe — 
CE = '0' Ww 
asa = 
an {1 > 
tay> 
data _—— 
write REQ t 
RN 7280621 


Fig. 9 Write timing. 
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DATA 
MICROPROCESSOR 


7Z80623 SYNTHESIZER 


Fig. 10 Typical application configuration with parallel interface. 


MICROPROCESSOR 


7Z80622 SYNTHESIZER 


Fig. 11 Typical application configuration with series interface. 


PCF8200 
SYNTHESIZER 
R, = 25.0 

Po= 140 mw 


(1 6 MHz (peak) 


7 7Z80624 


Fig. 12 An example of an output configuration. 
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OSC 
IN 
TTL 
clock 7280625 
Fig. 13 Oscillator clock configurations. 
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SOLDERING 


1. By hand . 


Apply the soldering iron below the seating plane (or not more than 2 mm above it). 
[f its temperature is below 300 °C it must not be in contact for more than 10 seconds; if between 
300 °C and 400 °C, for not more than 5 seconds. 


2. By dip or wave 


The maximum permissible temperature of the solder is 260 °C; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 
must not exceed 5 seconds. 

The device may be mounted up to the seating plane, but the temperature of the plastic Kody must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis- 
sible limit. 


3. Repairing soldered joints 
The same precautions and limits apply as in (1) above. 
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24-LEAD DUAL IN-LINE; PLASTIC (SOT-101A) 


32 max 
3,9 

3,4 22 
! y 


Bs] | 


i) 
lO tee Briere 
max 


seating plane 


x 


Vos | 
a | dl | is | = 0,76 !2) 


0,53 ' 
max 
>| |< fopozse @ 


1,7 max 


top view 


6 Positional accuracy. 


Maximum Material Condition. 


<a—_$_—__————— 15,8 max ————_—______> 
side view 


-—_——— 14,1 max mapned 


Centre-lines of all leads are 

within 0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 

| +0,254 mm. 


—_ 
—_ 
— 


er eee (2) Lead spacing tolerances apply 
No a eo, WO 8 eh ETO from seating plane to the line 
Le indicated. 


(3) Index may be horizontal as shown, 
or vertical. 


Dimensions in mm 
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DESCRIPTION FEATURES | PIN CONFIGURATION 
The PCD3310 is a single-chip silicon- @ PD and DTMF dialing. 

gate CMOS integrated circuit with anon- e 23-digit capacity for redial 
chip oscillator for a 3.58MHz crystal. It is operation (cursor method) 

a dual-standard dialing circuit for either Memory clear and electronic 
pulse dialing (PD) or dual tone multi- notepad 


trecwency: (UME) canny: Mixed mode dialing (start with 
Input data is derived from any standard DP and end with DTMF dialing 
matrix keypad for dialing in either DP or » pual redial buffers for PABX and PCD3310P 
DTMF mode. Numbers of up to 23 digits public calls 
can be retained in RAM for redial and 


notepad facilities. e Four extra function keys: 


program, flash, redial and PD to 

In DTMF mode, bursts as well as pauses DTMF (mixed dialing) 

are timed to a minimum in manual dial- e DTMF timing: . 

ing, the maximum depending on the key - manual dialing-minimum TOP VIEW 

depression time. duration for bursts and pauses 
- redialing-calibrated timing 

e On-chip voltage reference for 
supply and temperature 
independent tone output 

e On-chip filtering for low output 
distortion (CEPT CS 203 
compatible) 

e On-chip oscillator with low cost es 
3.58MHz TV color-burst crystal PCD3310T 

e Uses standard single-contact or 
double-contact (common left 
open) keypad 

e Keyboard entries fully debounced 
at both edges 

e Flash (register recall) output 


CD01301S 


TOP VIEW 


Cp01311S 
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ORDERING CODE 
Vop = 3.0V + 5%; Ta = -25°C to +70°C 


Lo Notes 


PCD3310P | 20s] Plastic DIP SOT146 
PCD3310T | = 28s] s~Plastic: mini-Pack S028; SOT136 


REFERENCE DATA 


PARAMETER SYMBOL 


Operating supply voltage 
Standby supply voltage 
Low standby current (on-hook) at Vppo = 1.8V | Ippo 


Operating currents at Vpp = 3.0V 
Conversation mode 
Pulse dialing mode lppp 
DTMF dialing mode IDDF 


DTMF voltage levels (r.m.s. values) Par aa 


Ippc 


Total harmonic dstorion Sid CS 
Operating ambient temperature range 


BLOCK DIAGRAM 


PD AND FLASH LOGIC 


PD 
CODE CONVERTER, TIMING CONTROLLER 
OTMF 
, DTMF LOW GROUP 
COUNTER/CONTROLLER 


DM4AVY—-OMD Z— PF 
m+4—-DE~O>mD 


A 
i?) 
D 
R 
E 
$s 
Ss 
D 
E 
¢ 
0 
D 

1 
N 
G 


Mr rODAZON DM4Z—OV DMAZCOO 


<vPVDOVEM4 
BMAn—OMD 


. TIME BASE = 
KEYPAD CONTROL LOGIC RESET DELAY OSCILLATOR 
INTERFACE/LOGIC ee COUNTER 

yyvyvy fh ff! aor LK Ee 


AS R4 RZ R2 R1I Ct C2 C3 C4 FLD CF M1 M2 CE Oscl osco 
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GENERAL DESCRIPTION 


The PCD3311 and PCD3312 are single-chip silicon gate CMOS integrated circuits. They are intended 
to provide dual-tone multi-frequency (DTMF) combinations required for tone dialling ayerems in 
telephone sets which contain a microcontroller for the control functions. 


The various audio output frequencies are generated from an on-chip 3,58 MHz duare crystal-con- 
trolled oscillator. 


The devices can interface directly to all standard microcontrollers by accepting a binary-coded parallel 
input or serial data input (12C bus). 


With their on-chip voltage reference the PCD3311 and PCD3312 provide constant output amplitudes 
which are independent of the operating supply voltage and ambient temperature. 


An on-chip filtering system assures a very! low total harmonic distortion in accordance with the CEPT 
CS 203 recommendations. 


In addition to the standard DTMF frequencies the devices provide 12 MODEM frequencies (300 to 
1200 bits per second) used in simplex MODEM applications and two octaves of musical scale in steps 
of semitones. 


Features 


Stabilized output voltage level 

Low output distortion with on-chip filtering (CEPT CS 203 compatible) 
Latched inputs for data bus applications 

1?C bus compatible 

Mode select input (selection of parallel or serial data input) 

MODEM and melody tone generators 


QUICK REFERENCE DATA 


Operating supply voltage V 
Operating supply current hg ; mA 
Static standby current Ippo | LA. 
DTMF output voltage level 

(r.m.s. values) | 

HIGH group VHG(rms) | mV 

LOW group VLG(rms) mV 
Pre-emphasis of group AVG : ; ; dB 
Total harmonic distortion | THD - dB 
Operating ambient temperature range Tamb 4 


PACKAGE OUTLINES 


PCD3311P: 14-lead DIL; plastic (SOT-27K, M, T). 
PCD3311T: 16-lead mini-pack; plastic (SO-16L; SOT-162A). 
PCD3312P: 8-lead DIL; plastic (SOT-97A). 

PCD3312T: 8-lead mini-pack; plastic (VSO-8; SOT-176). 
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OSCI Osco 


MODE 


D3 DIVIDER 
CONTROL SELECTION 
LOGIC (ROM) 


. tone generator ‘LOW group’ 


SWITCHED - 
CAPACITOR 
BANDGAP 
VOLTAGE 
REFERENCE 


Product Specification 


PCD3311/42 


14(2) 13(1) 


SWITCHED - 

CAPACITOR 

LOW - PASS 
FILTER 


RESISTOR/ 
capacitor | §(5)| Tone 
LOW-PASS 

FILTER 


PCD3311 
PCD3312 


7287673 


Fig. 1 Block diagram; the pin numbers in parenthesis refer to the PCD3312. 


PINNING 

1  OSCI 

2  OSCO 

3 MODE 

4 Ds 

5 STROBE 

PCD3311 
6 TONE 
7 Ag 
7287674 8 Do/SCL 

Fig. 2 Pinning diagram 
for the PCD3311. 9 Do/SDA 

10 D9 

11. D3 

12 D4 

13 Vss 

14 Vpp 

* MODE = HIGH. 

5-305 


oscillator input 

oscillator output 

mode select input; used for 

the selection between serial 

mode (MODE = LOW) and parallel 
mode (MODE = HIGH) 

parallel data input* 

strobe input; used for the 

loading of data in the parallel mode 
frequency output for single 

or dual tones 

slave address input in the serial 
mode; must be connected to 

Vpp of Vsg 

parallel data input* 

or serial clock line (1?C bus) 
parallel data input* 

or serial data line (IC) bus) 


parallel data inputs* 
negative supply 


positive supply 
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PINNING 
1 Vss negative supply 
2 Vpp positive supply 
3 OSCI oscillator input 
4 Osco oscillator output 
5 TONE frequency output for single 
or dual tones 
6 AQ slave address input in the 
7287675 serial mode; must be connected 
to Vpp or Vss 
Fig. 3 Pinning diagram 7 SCL . serial clock line (I?C bus) 
for the PCD3312. 8 SDA serial data line (I7C bus) 


FUNCTIONAL DESCRIPTION 
Clock/oscillator (OSCI and OSCO) 


The timebase for the PCD3311 and PCD3312 is a crystal-controlled oscillator with a 3,58 MHz quartz 
crystal connected between OSCI and OSCO. Alternatively, the OSCI input can be driven from an 
external clock. 


Mode select (MODE) 


This input selects the data input mode. When connected to V pp, data can be received in the parallel 
mode (only for the PCD3311), or, when connected to Vcg or left open, data can be received via the 
serial 1?C bus (for both PCD3311 and PCD3312). 


Parallel mode can only be obtained for the PCD3311 by setting MODE input HIGH. 


Data inputs (Dp, D7, Dz, D3, D4 and Ds) 

Inputs Do and Dy have no internal pull-down or pull-up resistors and must not be left open in any 
application. Inputs Dz to Ds have internal pull-down. Ds and Dg are used to select between DT MF 
dual, DTMF single, MODEM and melody tones (see Table 1). D3 to Dg select the combination of the 
tones for DTMF or single-tone itself. 


Table 1 Ds and Dg in accordance with the selected application 


application 


DTMF single tones; standby; melody tones 
DTMF dual tones (all 16 combinations) 
MODEM tones; standby; melody tones 
melody tones 


= —_— © © 


1 = H = HIGH voltage level 
0 = L = LOW voltage level 


Note: Tables 2, 3, 4 and 5 show all input codes and their corresponding output frequencies. 
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FUNCTIONAL DESCRIPTION (continued) 
Strobe input (STROBE, only for the PCD3311) 


This input (with internal pull-down) allows the loading of parallel data into Do to D5 when MODE 
is HIGH. 


The data inputs must be stable preceeding the positive-going edge of the strobe pulse (active HIGH). 
Input data are loaded at the negative-going edge of the strobe pulse and then the corresponding tone 
(or standby mode) is provided at the TONE output. The output remains unchanged until the negative- 
going edge of the next STROBE pulse (for new data) is received. 


Serial mode can only be obtained for the PCD3311 by setting MODE input LOW. 


—|_ |< 'stTR 
90% 
10 % 

'ps->| >| tbH 


STROBE 


“WA WA ZA LU. 
"\Yyg CA ZA NL 


»Uy, GA ELCZAVT 
»Yp YA CGDRDUTZ 
~“Yp OR OZAYZ 


°° Wh WT VW DU 
ma a 2 Bis lee (ON) 


oscillator OF F oscillator ON 
7Z87676.1 no output tone 


oscillator ON 
output tones 


Fig. 4 Timing diagram showing control possibilities of the oscillator and the TONE output (e.g. 
770 Hz + 1477 Hz) in the parallel mode (MODE = HIGH). 


Serial clock and data inputs (SCL and SDA) 


SCL and SDA are combined with Dg and Dj respectively. For the PCD3311 the selection of SCL and 
SDA is controlled by the MODE input. SCL and SDA are serial clock and data lines according to the 
I?C bus specification (see “CHARACTERISTICS OF THE I?C BUS”). Both inputs must be pulled-up 
externally to Vpp. 


Address input (Ao) 


Ag is the slave address input and it identifies the device when up to two PCD3311 or PCD3312 devices 
are connected to the same I?C bus. In any case Ag must be connected to Vpp or Vss. 
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I?C bus data configuration (see Fig. 5) 
The PCD3311 and PCD3312 are always slave receivers in the I?C bus configuration (R/W bit = 0). 


The slave address consists of 7 bits in the serial mode for the PCD3311 as well as for the PCD3312, 
where the least significant bit is selectable by hardware on input Ag and the other more significant 
bits are internally fixed. In the serial mode the same input codes are used as in the parallel mode (see 
Tables 2, 3, 4, and 5). Dg and D7 are don’t care (X) bits. 


acknowledge acknowledge 
from slave from slave 
MSB RW | cat 
/s}0 41 0.0 1 0 a0 o]Aa]x X D5 D4 D3 D2 D1 DO] A | P | 
ae ee ee Ae ee: tt 
slave address data internal STROBE 
7287677.1 for data latching 


Fig. 5 I?C bus data format. 


Tone output (TONE) 


The single and the dual tones which are provided at the TONE output are filtered by an on-chip 
switched-capacitor filter, followed by an active RC low-pass filter. Therefore, the total harmonic distor- 
tion of the DTMF tones fulfils the CEPT CS 203 recommendations. An on-chip reference voltage 
provides output-tone levels independent of the supply voltage. Table 3 shows the frequency tolerance 
of the output tones for DTMF signalling; Tables 4 and 5 for the modem and melody tones. 


Power-on reset 


In order to avoid undefined states of the devices when the power is switched ON, an internal reset cir- 
cuit sets them to the standby mode (oscillator OFF). 


Table 2 Input data for control (no output tone; TONE at Vpp) 


oscillator 


1=H=HIGH voltage level 
O=L = LOW voltage level 
X= don't care | 
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FUNCTIONAL DESCRIPTION (continued) 
Table 3 Input data for DTMF 


0 
1 

2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 


= SS 


standard 
frequency 


Hz 


200000 CCO0OCSO 
en a io io Mo) 

=-=-00 CO-=-=-=-— 
==9O00-=00-=00 
-O-0-0-0-0=0 


and 


standard 
frequency 


Hz 


697 

770 

852 

941 

1209 
1336 
1477 
1633 
941+1336 
697+1209 
697+1336 
697+1477 
770+1209 
770+1336 
770+1477 
852+1209 
852+1336 
852+1477 
697+1633 
770+1633 
852+1633 
941+1633 
941+1209 
941+1477 


1296 ,94 
2103,14 
1197,17 
2192,01 
978,82 

1179,03 
1073,33 
1265,30 
1655,66 
1852,77 
2021,20 
2223,32 


** Tone output frequency when using a 3,579 545 MHz crystal. 


1 = H = HIGH voltage level 
0 = L= LOW voltage level 
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Table 5 Input data for melody tones 


} meeyeea ys - - 


tone 
output 
frequency 
Hz %* % 


standard 
frequency 


622,5 
659,5 
697,9 
741,1 
782,1 
832,3 
879,3 
931,9 
985,0 
1044,5 
1111,7 
1179,0 


OO0O-0O000]]]]2]22-.-2.=-=-0Q00000 000 
=A eB em oem mama = OODODOO-]-—]-==-0000 
-==-$-0Q000-0-+$00- 0 + 00 = =$a0- = a o 
=-O7-7/-0/000]-/0- 0-00-0000 


OOoOoodooodd- O RH O a a @O om - a a= @ 2 = eo = a1 


OO] =2 OO = =a =| O — a = = - 2 2 2 = 2 = 22 2 2 2 


* Standard scale based on A4 = 440 Hz. 
** Tone output frequency when using a 3,579 545 MHz crystal. 


1 = H = HIGH voltage level 
0 = L = LOW voltage level 
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CHARACTERISTICS OF THE [°C BUS (continued) 


Timing specifications 


Within the !?C bus specifications a high-speed mode and a low-speed mode are defined. The ICs operate 
in both modes and the timing requirements are as follows: 


High-speed mode 
Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in Fig. 10. 


SDA 


<— tBuF—> _ 
SCL 
<_-——_ 


SDA 
7Z87013 tSU;STA tsu;STO 
Fig. 10 Timing of the high-speed mode. 
Where: 
tBUF t 2 tLoOwWmin The minimum time the bus must be free before a new 
transmission can start 
tHD: STA t 2 tHIGHmin Start condition hold time 
tLOWmin 4,7 us Clock LOW period 
tHuiGHmin 4 us Clock HIGH period 
tSu: STA t2>tLOWmin Start condition set-up time, only valid for repeated start code 
tHD: DAT t2Ous Data hold time 
tsuU; DAT t 2 250 ns Data set-up time 
tr t<1us Rise time of both the SDA and SCL line 
tr t < 300 ns Fall time of both the SDA and SCL line 
tsu: STO t2tLOWmin Stop condition set-up time 
Note 


All the timing values refer to Vj}y and Vj ,_ levels with a voltage swing of Vss to Vpp. 
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CHARACTERISTICS OF THE I?C BUS 


The I?C bus is for 2-way, 2-line communication between different ICs or modules. The two lines are: 

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 


Bit transfer 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 


on (PX TF 


I 

| data line | change 
| stable: | of data 
| 


data valid | allowed 7Z87019 


Fig. 6 Bit transfer. 


Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 


cr-- 


ny a 

cedsrees! | ie | es 

SDA , \ , / \ / SDA 

| a 

I | | 

SCL | | \ / \ / | SCL 
| S | | P 


les, Sas anes cd aa (oS 


start condition stop condition 7287005 


Fig. 7 Definition of start and stop conditions. 


System configuration 


A device generating a message is a ‘‘transmitter’’, a device receiving a message is the ‘‘receiver’’. The 
device that controls the message is the ‘‘master’’ and the devices which are controlled by the master 
are the “‘slaves’’. 
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SDA 
SCL 


MASTER MASTER 
SLAVE 
TRANSMITTER / RECEIVER TRANSMITTER / Bas TRANSMITTER / 
RECEIVER RECEIVER RECEIVER 


7287004 


Fig. 8 System configuration. 


Acknowledge 


The number of data bytes transferred between the start and stop conditions from transmitter to 

receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 

bit isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has 
been clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line 
during the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of 

the acknowledge related clock pulse, set-up and hold times must be taken into account. A master 
receiver must signal an end of data to the transmitter by not generating an acknowledge on the last 

byte that has been clocked out of the slave. In this event the transmitter must leave the data line HIGH 
to enable the master to generate a stop condition. 


start clock pulse for 
condition acknowledgement 


SCL FROM 
DATA OUTPUT | “ins 
BY TRANSMITTER ) 
DATA OUTPUT we | 
BY RECEIVER 


7287007 


Fig. 9 Acknowledgement on the !?C bus. 
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~ U = AK VL. J NAS 


START ADDRESS R/W_ ACK DATA ACK START ADDRESS R/W ACK _ STOP 
CONDITION CONDITION 7287014 


Fig. 11 Complete data transfer in the high-speed mode. 


Where: 
Clock thowmin 4,7 ys 
tHIGHmin 4 us 
The dashed line is the acknowledgement of the receiver 
Mark-to-space ratio 1:1 (LOW-to-HIGH) 
Max. number of bytes unrestricted 
Premature termination of transfer allowed by generation of STOP condition 
Acknowledge clock bit must be provided by the master 
Low-speed mode 


Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 us 
and a minimum HIGH period of 365 ys. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed 
timing is shown in Fig. 12. 


a 


<— tpur — 


SCL 


—> tHD-STA << —__§_—_—_——— thigh ——-> —— +—tsy, ‘DAT 
— >! tlow ix —> lace 


SDA 


7287015 oy ASST A ee — 


Fig. 12 Timing of the low-speed mode. 


September 1985 5-314 


Signetics Linear Products Product Specification 


DTMF / MODEM / Musical-Toner Generators PCD3311/412 


Timing specifications (continued) 


Where: 

tBUF t > 105 us (tLOWmin! 
tHD; STA t > 365 us (tHiGHmin) 
tLow 130 us + 25 us 

tHIGH 390 us + 25 us 

tSU;: STA 130 us + 25 us * 

tHD; DAT t> Ous 

tSU; DAT t > 250 ns 

tr t< Tus 

te t< 300 ns 

tsu: STO 130 us + 25 us 

Note 


All the timing values refer to V},4 and V1 ,_ levels with a voltage swing of Vgs to Vpp. For definitions 
see high-speed mode. 


OD OD AU 


(SREY Sasa, CR Rar We Ce eee eeanY | NEUES Sn en eae | | EE | csscicshenaceceinesnsstitinthitdeareiasiomemeestinenitcttinmmsiomenl _ Kaiisimsinasinratinin ovens ee | 
START START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE = STOP 
CONDITION ACKNOWLEDGE START CONDITION 

CONDITION 7Z87016 


Fig. 13 Complete data transfer in the low-speed mode. 


Where: 
Clock tLOWmin 130 us + 25 us 
tHiGHmin 390 us + 25 us 
Mark-to-space ratio 1:3 (LOW-to-HIGH) 
Start byte 0000 0001 
Max. number of bytes 6 
Premature termination of transfer not allowed 
Acknowledge clock bit must be provided by master 
Note 


The general characteristics and detailed specification of the 1?C bus are described in a separate data 
sheet (serial data buses) in handbook ‘‘ICs for digital systems in radio, audio and video equipment”. 


* Only valid for repeated start code. 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


parameter 


Supply voltage range 

Input voltage range (any input) 
D.C. input current (any input) 
D.C. output current (any output) 
Supply current 

Power dissipation per output 


Total power dissipation per package 
Operating ambient temperature range 


Storage temperature range 


CHARACTERISTICS 


V Dp = 2,5 to 6 V; Vsg = O V; crystal parameters: ae = 3,579 545 MHz, Roma = 50 22; 
Tamb = —25 to + 70 °C; unless otherwise specified 


parameter 
Operating supply voltage 


Operating supply current (note 1) 
oscillator ON; Vpp =3 V 


no output tone 
single output tone 
dual output tone 


Static standby current 
oscillator OFF; note 1 


Inputs/outputs (SDA) 

Do to D5; MODE; STROBE 

Input voltage LOW 

Input voltage HIGH 

Dz to D5; MODE; STROBE; Ag 

Pull-down input current 
Vi=Vpp 

SCL (Do); SDA (D4) 


Output current LOW (SDA) 
VoL=0,4V : 


Clock frequency (see Fig. 10) 
Input capacitance; Vj = Vss 
Allowable input spike pulse width 


September 1985 
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VpD V 
V1 V 
+1; mA 
+lo mA 
t+ Ipp:; + Iss mA 
Po mW 
Prot mW 
Tamb °C 
| symbol_[| min, | typ. | max. | _unit 
Vpp 2,5 — 6,0 V 
LA 
mA 
mA 
LA 
V 
V 
nA 
mA 
kHz 
pF 
ns 
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CHARACTERISTICS (continued) 


TONE output (see Fig. 14) 


DTMF output voltage levels 
(r.m.s. values) 


HIGH group VHG(rms) mV 

LOW group VLGi(rms) mV 
D.C. voltage level Voc V 
Pre-emphasis of group AVG dB 


Total harmonic distortion 


dual tone; note 2 dB 

modem tone, note 3 dB 
Output impedance kQ) 
OSCI input 
Maximum allowable amplitude 

at OSCI VOSC(p-p) V 
Timing (Vpp = 3 V) 
Oscillator start-up time tOSC(ON) ms 
TONE start-up time; note 4 tTONE(ON) ms 
STROBE pulse width; note 5 tsTR ns 
Data set-up time; note 5 tps ns 
Data hold time; note 5 | tpH | ns 


Notes to the characteristics 


1. Crystal is connected between OSCI and OSCO; Do/SCL and D4/SDA via a resistance of 5,6 kQ2 to 
Vpp:; all other pins left open. 

2. Related to the level of the LOW group frequency component (CEPT CS 203). 

3. Related to the level of the fundamental frequency. 

4. Oscillator must be running. 

5. Values are referenced to the 10% and 90% levels of the relevant pulse amplitudes, with a total voltage 
swing from Vgs to Vpp. 


5-317 September 1985 


Signetics Linear Products Product Specification 
DTMF/MODEM/Musical-Toner Generators _ PCD3311/12 
Vop > 1yF 
TONE 

PCD3311 

PCD3312 
yee 10kQ 

7287678 
Fig. 14 TONE output test circuit. 
7287679 7287680 


Fig. 15 Standby supply current as a 


function of supply voltage; oscillator OFF. 


7287681 


Fig. 17 Operating supply current as a 
function of supply voltage; oscillator ON; 
dual tone at TONE. 


September 1985 


Fig. 16 Operating supply current as a 
function of supply voltage; oscillator ON; 
no output at TONE. 


7287682 


foot 
AZ 


viv) 3 


Fig. 18 Pull-down input current as a 
function of input voltage; Vpp =3 V. 
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7287684 

. TCI 
VTONE 
(dB) 


NA : 
i TCC 


NI 
i [| ee 


" 106 105 104 g(a) 10° 
Fig. 19 DTMF output voltage levels Fig. 20 Dual tone output voltage 
as a function of operating supply level as a function of output load 
voltage; Rp = 1 MQ. resistance. 
0 7290599 
is . i 
(dBm 
a | 
ae eee! 65208 
it 
66 mir A Anat \A A I itr ar aaa er eee 
Tt a TT 
ak el en LY A ee 
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7290598 
0 
eee HH 
—20 
i 
ii 
—40 
Wy 
en | 
ee hha oT a ee re: 
vo Wal fT 
pl 
—100 
0 10 20 30 40 50 


frequency (kHz) 


Fig. 21 Typical frequency spectrum of a dual tone 
signal after flat-band amplification of 6 dB. 
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APPLICATION INFORMATION 


Vss VoD 


GENERAL 
PURPOSE 
MICROCONTROLLER 
(4o0r 8- BIT) 


data bus 


OSCO OSCI STROBE 
Do 


' TONE 
Ds PCD3311 


moDE Yop’ Vss 


7287686.1 


Fig. 22 PCD3311 driven by a microcontroller with parallel data-bus. 


Vss Vop 


TELEPHONY 
MICROCONTROLLER 
PCD3343 


OSC! OSCO 


TONE 
PCD3312 
Vsgs_ Vpp 


| 7Z87685.2 
| 


Fig. 23 PCD3312 driven by telephony microcontroller PCD3343 with serial 1/O (I7C bus). 
The PCD3343 is a single-chip 8-bit microcontroller with 3K ROM/224 RAM bytes. The same application - 
is possible with the PCD3311 with MODE = Vss. 


Purchase of Philips’ ?C components conveys a license under the 
Philips’ IC patent to use the components in the I?C-system 
provided the system conforms to the I?C specifications defined 
by Philips. 
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DESCRIPTION 

The PCD3315 is a single chip CMOS 
dialer IC for telephone sets. It has two 
dialing modes: pulse dialing (PD), and 
dual tone multi-frequency (DTMF) when 
used in conjunction with tone generator 
PCD3312. As weil as manual dialing it 
also features several automatic func- 
tions, 6.g. redial, extended redial, note- 
pad and repertory dial. 


FEATURES 
e Pulse dialing 


e DTMF dial control of tone 
generator PCD3312 

e Redial 

e Extended redial 

e Electronic notepad 

e Ten repertory dial numbers 


e 18-digit capacity for each 
autodial memory 


e Maximum of 36 digits per call 

e Flash or register recall 

e Uses standard 4x4 keyboard 
(single or double contact) 

e Four extra function keys: 
program/autodial, flash, redial, 
access pause 

e Access pause generation and 
termination 

e Automatic PABX-digit recognition 
resulting In an access pause 
insertion 


e Hold input and access pause 
output (APO) to adjust the 
duration of the access pause 
and facilitate use of tone 
recognizers 

e Four diode or strap functions: 
general/German, access pause 
time, reset delay time, general: 
mark-space ratio/German: 
prepulse 

e Manual reset of autodial RAM 

e On-chip power-on reset 


e Programmed for improved noise 
immunity. 
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PCD3315 


PIN CONFIGURATION 


TOP VIEW 


CD01340S 
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ORDERING CODE 


| Pins, S| Packages =| Nts 
Oc A 
Tpoossist ——=Ss~C*~SC(“‘(SC‘@G +d Plasto minipack | —~S0-20; STAG 


REFERENCE DATA 


LIMIT 
PARAMETER SYMBOL min | Te UNIT 
yp | Mx | 


Standby supply voltage Vop 


Operating currents at Vpp = 3.0V 
conversation mode 


Standby supply at Vpp = 1.8V; Ta = 25°C a 


Crystal frequency 
Operating ambient temperature range 


BLOCK DIAGRAM 


Ta 


BDO1140S 
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GENERAL DESCRIPTION 


The PCD3343 is a single-chip 8-bit microcontroller fabricated in CMOS and is a member of the 
PCF8500 family. It has special on-chip features for application in telephone sets. 

The device is mask programmable, designed to provide telephone dialling facilities such as redial, 
repertory dial, emergency call, keyboard scan and control for liquid crystal display, pulse dial and/or 
DTMF dial via dedicated peripheral. 


Features 

@ 8-bit CPU, ROM, RAM, I/O ina single 28-lead DIL or SO package 

@ 3 K ROM bytes 

@ 224 RAM bytes 

@ 20 quasi-bidirectional I/O port lines __ 

@ Two test inputs: one of which is also the external interrupt input (CE/TO) 

@ Single-level vectored interrupts: external, timer/event counter, serial 1/O 

@ Serial |/O which can be used in bus systems with more than one master (serial |/O data via an 


existing port line and clock via a dedicated line) 

8-bit programmable timer/event counter 

Over 80 instructions (based on MAB8048, MAB8400 and PCF8500) 

All instructions 1 or 2 cycles 

Clock frequency 100 kHz to 10 MHz 

Single supply voltage from 1,8 V to6 V 

Low standby voltage and current 

STOP and IDLE mode 

On-chip oscillator with output drive capability for peripherals (e.g. PCD3312 DTMF generator) 
Configuration of all 1/O port lines individually selected by mask: pull-up, open drain or push-pull 
Power-on-reset circuit and low supply voltage detection 

Reset state of all ports individually selected by mask 

Operating temperature range: —25 to + 70 °C 


PACKAGE OUTLINES 


PCD3343P : 28-lead DIL; plastic (SOT-117D). 
PCD3343D: 28-lead DIL; ceramic (CERDIP) (SOT-135A). 
PCD3343T : 28-lead mini-pack; plastic (SO-28; SOT-136A). 
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SERIAL DATA/P93000 
(pin 2) 5 a 


P17—Pi9 Po7—Poo 


PORTO 
BUFFER 


SCLK 


. RESIDENT ROM 
(pin 3) | 


P22-P20 
(pins 1,27, 26) 


J CLOCK DATA PORT 2 
| BUFFER 


3 K BYTES 


| DECODE 
PORT 2 PORT 1 PORT 0 
LATCH LATCH LATCH 
MEMORY 
BANK 
FLIPFLOPS 
SERIAL + 
32 TIMER/ HIGHER LOWER PROGRAM 
INPUT / EVENT PROGRAM PROGRAM STATUS 
OUTPUT COUNTER COUNTER COUNTER WORD 
INTERFACE INTERNAL [~ (8) 
an CLOCK 
FREQ. TEST 1 
inter. - 30 
ACCUMULATOR PROGRAM manne ULTIPLEXER 
. COUNTER REGISTER REGISTER 0 
REGISTER 1 
REGISTER 2 
ARITHMETIC INSTRUCTION REGISTER 3 
LOGIC UNIT REGISTER REGISTER 4 
| REGISTERS 
ede ee REGISTER 5 
D REGISTER 6 
REGISTER 7 
0 8 LEVEL STACK 224 
— 4 (VARIABLE LENGTH) 
Von +— CE/TO 
j OPTIONAL SECOND 
POWER : ee «— TEST 1 REGISTER BANK 
PPLY S ex 
SUPPL _ 5S GND interrupt vices CONDITIONAL a 
BRANCH 
pape ad DATA STORE 
STOP 4— ACC 
CONTROL & TIMING 
pe ACC BIT 
IDLE CE/TO RESET XTAL1 XTAL2 TEST 


RESIDENT RAM ARRAY 


INTERRUPT INITIALIZE OSCILLATOR 
XTAL 7287781 


Fig. 1 Block diagram; PCD3343. 


pai ee 7286142 
(a) (b) 
Fig. 1a Replacement of dotted part in Fig. 1, Fig. 1b Replacement of dotted part in Fig. 1, 
for the PCF8500F bond-out version. for the PCF8500B ‘Piggy-back’ version. 
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PINNING 


SCLK 


PCD3343 


Note CE/TO is labelled INT/TO on the PCF8500B and has inverted polarity. 7287783 
Fig. 2 Pinning diagram: PCD3343 and bottom pinning PCF8500B. 


PIN DESIGNATION 


3 
4-11 
12 


16 
17 


18-25 
26, 27,1,2 


28 


SCLK 
POO-P07 
CE/TO 


T1 


Vss 
XTAL 1 


XTAL 2 
RESET 


P10-P17 


P20-P23 


VDD 


Clock: bidirectional clock for serial |/O. 
Port 0: 8-bit quasi-bidirectional 1/O port. 


Interrupt/Test 0: external interrupt input (sensitive to positive-going 
edge)/test input pin; when used as a test input directly tested by 
conditional branch instructions JTO and JNTO. 


Test 1: test input pin, directly tested by conditional branch instructions 
JT1 and JNT1. T1 also functions as an input to the 8-bit timer/event 
counter, using the STRT CNT instruction. 


Ground: circuit earth potential. 


Crystal input: connection to timing component (crystal) which determines 
the frequency of the internal oscillator; also the input for an external 
clock source. 


connection to the other side of the timing component. 


Reset input: used to initialize the processor (active HIGH), or output of 
power-on-reset circuit. 


Port 1: 8-bit quasi-bidirectional I/O port. 


Port 2: 4-bit quasi-bidirectional |/O port. P23 is the serial data 
input/output in serial 1/O mode. 


Power supply: 1,8 V to6 V. 
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PINNING (continued) 


PCF8500B 


(data bus) 


DO-D7 


EPROM 


max. 8K bytes PCF8500B 


BOND OUT CHIP 


CE 


INT/TO 
RESET 


XTAL1 
4—_____-__» 


XTAL2 


7287784 


7287785 


Fig. 3 Pinning diagram: PCF8500B Fig. 3a Connection of EPROM to 
‘Piggy-back’ version top pinning; ‘Piggy-back’ package PCF8500B. 
to access a 2732 or 2764 EPROM. 


PIN DESIGNATION 


14, 22 Vss Ground 

1, 26-28 VppD Power supply 

10-3, 25, 24, 21,23,2 AQ-A12 Address outputs 
11-13, 15-19 DO-D7 Data 

20 PSEN. Program store enable 
Notes 


1. RAM capacity of PCF8500B is 256 bytes. 
2. Access time for ROMS/EPROMS to be below 7 x 1/fxTAL- 
3. Pin 12 CE/TO is on the PCF8500B, inverted and labelled INT/TO. 
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FUNCTIONAL DESCRIPTION 
Bond-out version PCF8500F 


The PCF8500F is a microcontroller that contains no on-board ROM, but has all address and data lines 
brought-out to access an external ROM or EPROM. This version has more pins than the PCD3343 
with on-board ROM (see Fig. 1a). The RAM has 256 bytes. It can address 8 K bytes of ROM. 


‘Piggy-back’ version PCF8500B 


The PCF8500B is a special package that has standard pinning to the bottom which facilitates insertion 
as a mask-programmed device. An EPROM can be mounted on top in an additional socket. The total 
package height is greater than the standard DIL package. The RAM has 256 bytes and can also address 
8 K bytes of program memory. 


Program memory PCD3343 


The program memory consists of 3072 bytes (8-bit words), in a read-only memory (ROM). Each 
location is directly addressable by the program counter. The memory is mask-programmed at the 
factory. Figure 4 shows the program memory map. 


Four program memory locations are of special importance: 


@ Location 0; contains the first instruction to be executed after the processor is initialized (RESET), 
@ Location 3; contains the first byte of an external interrupt service subroutine, 

@ Location 5; contains the first byte of a serial 1/O interrupt service subroutine, 

@ Location 7; contains the first byte of a timer/event counter interrupt service subroutine. 


Program memory is arranged in banks of 2 K bytes, which are selected by SEL MB instructions. The 
program memory is further divided into location ‘pages’, each of 256 bytes. This latter division applies 
only for conditional branches. Memory bank boundaries can be crossed only by using the unconditional 
branch instructions after the appropriate memory bank has been selected. A CALL instruction can 
transfer control to a subroutine on any ‘page’; RET and RETR instructions can transfer control from 

a subroutine back to the main program. 


Data memory PCD3343 


Data memory consists of 224 bytes (8-bit words), random-access data memory (RAM). All iocations 
are indirectly addressable using RAM pointer registers; up to 16 designated locations are directly 
addressable. Memory also includes an 8-level program counter stack addressed by a 3-bit stack pointer. 
Figure 5 shows the data memory map. 


Working registers | 

Locations 0 to 7 are designated as working registers, directly addressable by the direct register 
instructions. Ease of addressing, and a minimum requirement of instruction bytes to manipulate 
their contents, makes these locations suitable for storing frequently addressed intermediate results. 
This bank of registers can be selected by the SEL RBO instruction. 


Executing the select register bank instruction SEL RB1, designates locations 24 to 31 as working 
registers, instead of locations 0 to 7, and these are then directly addressable. This second bank of 
working registers may be used as an extension of the first or reserved for use during interrupt service 
subroutines saving the first bank for use in the main program. If the second bank is not used, locations 
24 to 31 may serve as general purpose RAM. 


The first locations of each bank contain the RAM pointer registers RO, R1, RO’ and R1’, which 
indirectly address all RAM locations. 


All RAM locations make efficient program loop counters when used with the decrement register and 
test instruction DJNZ. 
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FUNCTIONAL DESCRIPTION (continued) 


PCD3343 _ 7 PCF8500B [| 


SEL MB1 
2048 USER 
(on ete PCD 3343 [ 223/— ™ RAM — 
addressed 
SEL MBO : indirectly 
through pointers 
RO, R1, RO’, R1’ 


(1) The program memory of PCF 8500 
from 4 K to 8 K can be used 


Maes Nee and SEE MES WORKING directly 
REGISTERS addressable 
when bank 1 
is selected 


8 LEVEL 
STACK 
or 
USER RAM | 
8 16x 8 
7 location 7 : timer/counter interrupt vector 
6 
5 location 5 : serial 1/O interrupt vector | 
4 WORKING directly 
3 location 3: external interrupt vector REGISTERS addressable 
9 when bank 0 
1 is selected 
0 location O : reset vector 7287786 
7287787 
Fig. 4 Program memory map. Fig. 5 Data memory map. 


Program counter stack 


Locations 8 to 23 may be designated as an 8-level program counter stack (2 locations per level), or as 
general purpose RAM. The program counter stack (Fig. 6) enables the processor to keep track of the 
return addresses and status generated by interrupts or CALL instructions by storing the contents of 
the program counter prior to servicing the subroutine. A 3-bit stack pointer determines which of the 
eight register pairs of the program counter stack will be loaded with next generated return address. 
The stack pointer, when initialized to O00 by RESET, points to RAM locations 8 and 9. On the first 
subroutine CALL or interrupt, the contents of the program counter and bits 4, 6 and 7 of the program 
status word (PSW) are transferred to locations 8 and 9. The stack pointer increments by one and 
points to locations 10 and 11 ready for another CALL. Because an address may be up to 13 bits long, 
two bytes must be used to store each address. 
At the end of a subroutine, which is signalled by a return instruction (RET or RETR), the stack 
pointer decrements by one and the contents of the register pair on top of the stack are transferred to 
the program counter. The saved PSW bits are transferred to the PSW only by the RETR instruction. 
If not all 8 levels of subroutine and interrupt nesting are used, the unused portion of the stack may be 
used as any other indirectly addressable RAM locations. Possible locations from 32 to 223 may be 
used for storage of program variables or data. | 
Nesting of subroutines within subroutines can continue up to 8 times without overflowing the stack. 
If overflow does occur the deepest address stored (locations 8 and 9) will be overwritten and lost 
since the stack pointer overflows from 111 to 000. It also underflows from 000 to 111. 
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The value of the saved contents of the program counter is different for an interrupt CALL compared 
to a normal CALL to subroutine. With an interrupt CALL, the program counter return address is 
‘saved; with a subroutine CALL, the saved program counter value is one less than the program counter 
return address. 


POINTER pee?328 
ae a 
ia See 
ae ee 
eis enn 2: 
a eT 
ia! AROMAT CT 
ees Deane ET 
eee eee 
aaa el 

14 
ieuewser iaememens f 
ee eee Sef ee 
a SONAR | 
Ses See 
Psw7|PSWe|PC12|PSW4)PC11|PCi9|PCg |PCa| 9 
R8 


MSB LSB 


Fig.6 Program counter stack. 


IDLE and STOP modes 
IDLE mode 


When the microcontroller enters the IDLE mode via the IDLE instruction (H’01’) the oscillator, 
timer/counter and serial !/O are kept running. The microcontroller exits from the IDLE mode by one 
of three interrupts if they are enabled or by activating a RESET. If the interrupt is not enabled the 
processor will remain in the IDLE mode. An active signal on the RESET pin restarts the micro- 
controller and a normal RESET sequence is executed (see Fig. 7). 


program 
IDLE counter = 0 
NORMAL MODE IDLE MODE | NORMAL MODE 
PROGRAM FLOW 7 ae 
RESET 
_»| RES |, 1866 
>1 ys clock periods 7287788 


Fig. 7 Exit from IDLE mode via a RESET. 
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FUNCTIONAL DESCRIPTION (continued) 


An active signal coming from an enabled interrupt causes the execution of the normal interrupt 
routine since normal interrupt scanning is still being carried out. A LOW-to-HIGH transition on the 
external interrupt pin (CE/TO) reactivates the microcontroller. A HIGH level applied to CE/TO will 
reactivate the microcontroller only in the STOP mode. Thus, if CE/TO was HIGH before the micro- 
controller entered the IDLE mode, it must go LOW before the microcontroller can be reactivated 


(see Fig. 8). 
program 


counter = 003 
«a — IDLE MODE ———_—-_> 


NORMAL MODE 3 NORMAL MODE 


PROGRAMFLOW 


OSCILLATOR ELLPEETTEETT EET ELT ELT HU AIUIUUTIIUIUIIUILI 
CE/TO Wy, 


. >4 LL >7 < 60 —> 
clock clock clock 
periods periods periods 7287789 


Fig.8 Exit from IDLE mode via an interrupt. 


Wake-up from the IDLE mode is ensured when CE/TO is LOW for 4 CP (clock periods) followed by a 
HIGH for 7 CP. After the initial forced CALL H’ 003° epEraHon (60 CP) the program continues with 
the external interrupt service routine. 


STOP mode 

The microcontroller enters the STOP mode by the STOP instruction (H‘22’). The oscillator i is switched 
off. The internal status of the CPU, RAM contents and the state of 1/O ports are not affected. The 
microcontroller can be brought-out of the STOP mode by an active signal at the external interrupt 
input or by an external RESET signal. When one of these two signals is applied an internal delay of 
1866 CP is provided to ensure that all internal clocks are operating correctly before restart (see Fig. 9). 


If the microcontroller exits from the STOP mode by activating RESET, a normal RESET sequence is 


executed. program counter = 


0 or 003 
NORMAL MODE STOP MODE NORMAL MODE 
PROGRAM FLOW —_—_—_—_—_—__—_—_—_—_—_—_—_—_——— 


OSCILLATOR LLELTLELTLLEELL ELT HEELELELLEEELERELEEELT EEL EELLELLLELL 


RESET 


"RES a 1866 _, 
>1yus_ clock periods 


OR 
al tINT 7 1866 


CE/TO YUM _( 
—> 
>1ys clock periods 7287790 


Fig. 9 Entering and exiting the STOP mode. 
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If the microcontroller exits the STOP mode by pulling the external interrupt input pin HIGH, an 
interrupt sequence is executed only if the external interrupt is enabled. In this event the micro- 
controller resumes the normal program sequence after returning from the interrupt routine, as in the 
normal mode. If the interrupt is not enabled, it continues the normal program sequence, executing the 
instruction following the STOP instruction. 


The microcontroller is restarted by a HIGH level applied at the CE/TO pin, and not by a LOW-to-HIGH 
transition as in a normal interrupt mechanism. 


When the CE/TO level is active during the STOP instruction then no STOP is executed. 


A HIGH level on the external interrupt input of at least 1 us will cause the microcontroller to exit the 
STOP mode. 


1/O facilities 
The PCD3343 family has 23 !/O lines arranged as: 


Port O parallel port of 8 lines (POO to P07) 
@ Port 1 parallel port of 8 lines (P10 to P17) 
@ Port 2 parallel port of 4 lines (P20 to P23) 
e@ SCLK - serial !/O consisting of a data line shared with a parallel port line (P23) and a separate 
___ clock line SCLK 
CE/TO external interrupt and test input. When used as a test input can be directly tested by 
conditional branch instructions JTO and JNTO 
e7T1 test input which can alter program sequences when tested by conditional jump instructions 
JT1 and JNT1. T1 also functions as an input to the 8-bit timer/event counter. 


Parallel ports 


All parallel ports can be used as outputs or inputs, their structure is quasi-bidirectional. 
Output data written to a port is latched and remains unchanged until rewritten. 
Input data is not latched and so must be present until read by an input instruction. 


Input lines are fully CMOS compatible, output lines can drive one LS-TTL or CMOS load. 


CC SS ea CYCLE? 


TiME, 1,2,3,4,5, 6,7,8,9,10'1,2,3,4,.5,6,7,8 .9 10 


| 
PO,P1,P2 DATA OUT 
7287791 


ALL PORTS FOR IN AND OUTL INSTRUCTIONS 


Fig. 10 Timing diagram of all ports on IN and OUTL instructions; for ANL and ORL instructions, 
the ports change on the time slot 7 of cycle 2. 


Fig. 11 shows the quasi-bidirectional |/O interface with push-pull output and switched pull-up current 
source. 


Each line is pulled up to Vpp via a constant current source (TR4), which is enabled via TR3 whenever 
one of the two output latches contains a logic 1. This current provides sufficient source current for a 
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FUNCTIONAL DESCRIPTION (continued) 


TTL HIGH level, yet can be pulled LOW by an external CMOS device, thus allowing the same pin to 
be used for both input and output. 


When a logic 1 is written to the line for the first time (MO = 1, SQ = 0), TR2 is switched on for the 
duration of the internal write pulse (one oscillator period), to provide a fast transition from logic O to 
logic 1. Subsequent writing of a logic 1 to the port lines will not switch TR2 on. This prevents 
unnecessary current through external components connected to the port lines of the same port which 
might be in the input mode and also connected to ground. 


When a logic 0 is written to the line, TR3 switches off the current source. Current sinking capability 
is provided by TR1, which is now switched on. When used as an input, a logic 1 must first be written 
to the line, otherwise TR1 will remain low impedance. 


In telephone applications this switched pull-up source may not be sufficient. Therefore the PCD3343 
offers the possibility to select individually 19 of the 20 parallel port pins (not P23), by the following 
mask options: 


Option 1- STANDARD PORT; quasi-bidirectional !/O with switched pull-up current source of 100 uA 
(typ.) and P-channel booster transistor TR2 (1,5 mA). TR2 is only active during 1 clock 
cycle (0,28 ys at 3,58 MHz). | | 

Option 2- OPEN DRAIN; quasi-bidirectional |/O with only an N-channel open drain output. 
Application as an output requires connection of an external pull-up resistor (Fig. 12). 


Option 3- PUSH-PULL OUTPUT; drive capability of the output will be 1,5 mA (typ.) at Vpp = 3 V 
in both polarities. To avoid a large current flowing through the output transistors during the 
input mode, these push-pull pins must only be used as outputs (Fig. 13). 


Also, individual mask selection of the RESET state of these port pins can be achieved by appending 
the following options S and R to options 1, 2 or 3. 


Option S-SET; after RESET this pin will be initialized to HIGH. 
Option R-RESET; after RESET this pin will be initialized to LOW. 


WRITE PULSE 


DATA BUS 


constant 
current 
source 


ORL/ANL 


7287792 
IN 


Fig. 11 Standard output with switched pull-up current source. 


September 1985 5-332 


Signetics Linear Products Advance Information 


CMOS Microcontroller for Telephone Sets PCD3343 


WRITE PULSE 2. | 
D MQ 


DATA BUS a 
pL ry, i 
>. O—1D ma | 


Vop 


1/0 PORT 
s LINE 


ORL/ANL 
q 7287793 


Fig. 12 Open drain output. 


WRITE PULSE Vop 
DATA BUS 
constant 100 pA 
current (typ.) 
source 
1/0 PORT 
be LINE 


ORL/ANL 


7287794 


Fig. 13 Push-pull output. 
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FUNCTIONAL DESCRIPTION (continued) 
Serial |/O (SIO) 


The PCD3343 has an on-chip serial !/O interface. This SIO interface is a versatile feature in an 
intelligent telephone set, as shown in application diagram Fig. 32. 


In this application the S!O is used to communicate with the different peripherals, such as: 


@ DTMF generator (PCD3312) 
@ LCD drivers (PCF8577) 
@ External RAM (PCD8571) 
® Clock calendar (PCB8573) 


No extra hardware is required for decoding, addressing and data processing. 


Whereas a normal microcontroller must regularly monitor the serial data bus for the presence of data, 
the serial |/O interface detects, receives and converts the serial data stream into parallel format without 
interrupting the execution of the current program. An interrupt is sent to the PCD3343 only when a 
complete byte is received. It then reads the data byte in one instruction. Likewise during transmission 
the serial |/O interface performs parallel to serial conversion and subsequent serial output of the data. 
The microcontroller is only interrupted in the execution of its programmed tasks when a complete 
byte has been transmitted. 


The design of the PCD3343 serial 1/O system allows any number of devices from PCF8500 family 
(clips) to be connected via the two-line serial bus. The ability of any devices to communicate, without 
interrupting the operation of any other devices on the bus, is an outstanding attribute of the system. 
This is achieved by allocating a specific 7-bit address to each device and providing a system whereby a 
device reacts only to a message prefixed with its own address or the ‘general CALL’ address. 

Address recognition is performed by the interface hardware so that operation of the microcontroller 
need only be interrupted when a valid address has been received. This saves significant processing time 
and memory space compared with a conventional microcontroller employing a software serial interface. 
When the addressing facility is not required, for instance in a system with only two microcontrollers, 
direct data transfer without addressing can be performed. In multi-master systems, an automatically 
invoked arbitration procedure prevents two or more devices from continuing simultaneous transmission. 


In NORMAL (running) and 1DLE mode, the serial |/O logic remains active; its internal system clock 
will be switched off when there is no activity on the serial bus. 

After execution of the STOP instruction, the oscillator of the PCD3343 is switched off. This means 
that the serial 1/O logic will remain in the state it was at the occurance of the STOP instruction. To 
avoid ‘‘bus block” problems and to assure correct start-up of the bus after exit from the STOP mode, 
the user should disable the serial logic (ESO = 0) prior to the execution of the STOP instruction. This 
must be carried out only when the PCD3343 has finished a serial data transfer. 


Serial 1/O interface 


Figure 14 shows the serial I/O interface. The clock line of the serial bus has exclusive use of pin 3 
(SCLK) while the data line shares pin 2 (serial data) with the I/O line P23 of port 2. When the serial 
|/O is enabled, P23 is disabled as a parallel port line; (P23 and SCLK only open drain). 


The microcontroller and interface communicate via the internal microcontroller bus and the Serial 
Interrupt Request line. Data and information controlling the operation of the re tinve are stored in 
four registers: 


@ Data shift register (SO) 

@ Serial 1/O interface status word (S1) 
® Serial clock control word (S2) | 

@ Address register 
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Data shift register (SO) 


Register SO converts serial data to parallel format and vice versa. A pending interrupt is generated only 
after a complete byte has been transmitted, or after a complete data byte, specific address or ‘general 
CALL’ address has been received. The most significant bit is transmitted first. 

Serial |/O interface status word (S1) 


Register S1 provides information concerning the state of the interface and stores information from the 
microcontroller. Bits O to 3 are duplicated: control bits in these positions can only be written by the 
microcontroller, while interface bits can only be read. 


MST and TRX (see Table 1) 
These bits determine the operating mode of the serial !/O interface. 


Table 1 Operating modes of the serial |/O interface 


slave receiver 
master receiver 
slave transmitter 
master transmitter 


BB: Bus Busy. 
This is the flag which indicates the status of the bus. 


PIN: Pending Interrupt Not 

PIN = ‘0’ indicates the presence of a pending interrupt, which wil! cause a Serial Interrupt Request 
when the serial interrupt mechanism is enabled. 

ESO: Enable Serial output 

The ESO flag enables/disables the serial |/O interface: ESO = ‘1’ enables, ESO = ‘0’ disables. ESO can 
only be written by software. 

BCO, BC1 and BC2 


Bits BCO, BC1 and BC2 indicate the number of bits received or transmitted in a data stream. These 
bits can only be written by software. 


AL: Arbitration Lost 

The arbitration lost flag is set by hardware when the serial |/O interface, as master transmitter, loses a 
bus arbitration procedure. 

AAS: Addressed As Slave 


This flag is set by hardware when the interface detects either its own specific address or the ‘general 
CALL’ address as the first byte of a transfer and the interface has been programmed to operate in the 
address recognition mode. 

ADO: Address Zero 

This flag is set by hardware after detection of the ‘general CALL’ address when the interface is operating 
in the address recognition mode. 


LRB: Last Received Bit 
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FUNCTIONAL DESCRIPTION (continued) 


This contains either the last data bit received or, for a transmitting device in the acknowledgement 
mode, the acknowledgement signal from the receiving device. 


Bits AL, AAS, ADO and LRB can only be read by software. 
Serial clock control word (S2) 


Bits O to 4 of the clock control register S2 are used to set the frequency of the serial clock signal. When 
a 3,58 MHz crystal is used, the frequency of the serial clock can be varied between 92 kHz and 580 Hz 
(see Table 2). An asymmetrical clock with a HIGH-to-LOW ratio of 3 : 1 can be generated using bit 5. 
The asymmetrical clock allows a microcontroller more time per clock period for sampling the data line, 
making the timing of this action less critical. Bit 6 can be used to activate the acknowledge mode of 
the serial 1/O. S2 is a write only register. 


Address register 


The address register contains the 7-bit address back-up latches and the bit (ALS) used to enable/disable 
the address recognition mode. The address register can be written using the MOV SO, A and MOV SO, 
# data instructions, but only when ESO = ‘0’. 


Serial {/O interrupt logic 


An EN SI instruction enables and a DIS SI instruction disables the interrupt logic. When the logic is 
enabled, a pending interrupt results in a serial |/O interrupt to the processor, causing a CALL to 
location 5 in the ROM. When disabled, the presence of an interrupt is still indicated by PIN in S1, 
allowing the interrupt to be serviced. However, vectored interrupt will not occur. 


September 1985 5-336 


Signetics Linear Products Advance Information 


CMOS Microcontroller for Telephone Sets PCD3343 


Table 2 SIO clock pulse frequency control when using a 3,58 MHz crystal 


hexadecimal fsc_K (kHz) 
$20-S24 code divisor (approximate) 


not allowed 


0 
1 

2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 
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FUNCTIONAL DESCRIPTION (continued) 
Table 3 Serial |/O addresses for telephony peripherals 


2K RAM 

2K RAM 

1K RAM 

DTMEF dialler 
DTMEF dialler 
LCD driver * 
clock calendar 
8-bit 1/O expander 
1:4 LCD driver 
1:2 LCD driver 


PCF8570A 
PCF8570 
PCD8571 
PCD3311 


PCD3312 
PCE2111 
PCD8573 
PCF 8574 
PCF 8576 
PCF 8577 


ooo}-aoao0oo}"— 
-_ 92 O- O—- =| Ooo 
= = =~©OOdodd—.—_ — 


* LCD driver requires an additional enable line. 
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‘Fig. 14 Serial I/O interface. 
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FUNCTIONAL DESCRIPTION (continued) 
Interrupts (see Fig. 15) 


‘When the external interrupt is enabled, a LOW-to-HIGH transition on the CE/TO input initiates an 
external interrupt subroutine which causes a CALL to program memory location 3 following 
completion of the current instruction. 

The interrupt must remain enabled until the interrupt instruction is completed, otherwise the next 
instruction of the main program will be executed. Serial 1/O interrupt, when enabled, causes a CALL 
to location 5, and a timer/event counter overflow forces a CALL to location 7 when the timer 
interrupt is enabled. 


When an interrupt subroutine starts, the contents of the program counter and bits 4, 6 and 7 of the 
PSW have been saved in the program counter stack. Accumulator contents have to be saved by 
software. Interrupt acknowledgement can be carried out by software via port pins. All interrupt 
subroutines must reside in memory bank 0. 

Since the interrupt system is single level, once an interrupt is detected, all further interrupt requests 
are latched, but ignored, pending a RETR instruction to re-enable the interrupt input logic. After 
executing RETR, the program continues in the main part; this is independent of the occurance of a 
second interrupt during the running of the first routine. If 2 or 3 interrupts occur simultaneously, 
their priority is: 

@ (1) external 

@ (2) serial 1/O 

@ (3) timer/event counter 

An external interrupt can be generated by using the timer/counter in the event counter mode. The 
counter is first preset to (H’FF’), then EN TCNTI instruction is executed. A LOW-to-HIGH transition 
of the T1 input will then initiate an interrupt subroutine and cause a CALL to location 7. 

On execution of a DIS | instruction, the PCD3343 always clears the digital filter/latch and the 
External Interrupt Flag. 


The Timer Flag (TF) is reset only when the JTF or JNTF instruction is executed or after RESET. 
The Timer Interrupt Flag is set when timer overflow occurs, only if the timer interrupt is enabled. 
The microcontroller will exit the IDLE mode when any one of the following three interrupts is enabled: 


@ External 

@ Serial 1/O 

@ Timer/event counter 

There is no internal pull-up or pull-down device connected to the external interrupt input (pin 12). 
If required pin 12 must be externally connected to a resistor (R < 100 k&2). When the external 
interrupt is not used pin 12 must be connected to Vss. | 
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| Fig. 15 Interrupt logic. 
Notes to figure 15 


1. CE/TO positive edge is always latched in the digital filter/latch. 
2. Correct interrupt timing in ensured when CE/TO is LOW for > 4 CP followed by a HIGH for >7 CP. 
3. When the interrupt in progress flag is set, further interrupts are latched but ignored, until RETR is 


executed. 
4. A DIS | instruction always clears a pending external interrupt. 
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FUNCTIONAL DESCRIPTION (continued) 
Oscillator (see Fig. 16) 


The 3,58 MHz oscillator can be inhibited by the STOP instruction under software control. It is also 
inhibited when a low-voltage condition is present to prevent discharge of a weak back-up battery. 


Provided the supply voltage is within the operating range, the oscillator will be restarted after a STOP 
instruction by a HIGH level at either the CE/TO or RESET pin. 


PCD3343 


inhibit 


3,58 MHz 7Z87795 


Fig. 16 Oscillator with integrated elements. 


The oscillator has the output drive capability for the DTMF generator (PCD3311/3312) via pin 16 
(XTAL 2). An external clock can be applied to pin 15 (XTAL 1). A machine cycle consists of 10 time 
slots, each time slot being 3 oscillator periods. 


In telephony applications the 3,58 MHz crystal provides a 8,4 us machine cycle. The range of the clock 
frequency is from 100 kHz up to a maximum which is a function of the supply voltage (see Fig. 23). 


Timer/event counter (see Fig. 17) 


PRESCALER 
XTAL +30 + 32 


(internal clock 
frequency ) 


cleared on 
start timer 


PS = 1 


AO 

EDGE 
DETECTOR] B~ 
Cc 


jump if 
timer flag 
load or read = 


8-BIT 
TIMER/ 
EVENT 

COUNTER 


A= START TIMER cleared 
B = START COUNTER on reset 
C = STOP TIMER/COUNTER 7289148 


Fig. 17 Timer/event counter. 


An internal 8-bit up-counter is provided. This can count external events, modulo-32 machine cycles, or _ 


machine cycles directly. Table 4 gives the instructions that control the counter and the prescaler, and 
the functions performed. 
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Table 4 Timer/event counter control 


timer mode 
function modulo-1, modulo-32* counter mode 


CLEAR MOV T,A (A) =0 MOV T,A (A) =0 


or RESET or RESET 
PRESET MOV T,A MOV T,A 
START STRT T STRT CNT 
STOP STOP TCNT STOP TCNT 

or RESET or RESET 
TEST JTF/JNTF JTF/JNTF 


READ** MOV A,T MOV A,T 


When used as a timer, the input to the counter is either the overflow or input of a 5-bit prescaler. 
When used as an event counter, LOW-to-HIGH transitions on pin 13 (T1) are counted. The maximum 

~ rate at which the counter may be incremented is once every machine cycle (182,6 kHz for a 8,4 us 
machine cycle). When the counter overflows, the timer flag is set. The flag can be tested and reset using 
the JTF (jump if timer flag = 1) or JNTF instruction. Overflow also generates an interrupt to the 
processor via setting of the Timer Interrpt Flag when the timer/event counter interrupt is enabled. 


Program status word (see Fig. 18) 


The program status word (PSW) is an 8-bit word (1 byte) in the CPU which stores information about 
the current status of the microcontroller. 
The PSW bits are: 


@ Bits 0 to 2 stack pointer bits (SPo, SP, SP9) 


@ Bit3 prescaler select (PS); 
0 = modulo-32; 1 = modulo-1 (no prescaling) 

@ Bit 4 working register bank select (RBS); 
O = register bank 0; 1 = register bank 1 

@ Bit5 not used (1) 

@ Bit6 auxiliary carry (AC); half-carry bit generated by an ADD instruction and used by the 
decimal adjust instruction DA A 

@ Bit 7 carry (CY); the carry flag indicates that previous operation has resulted in an 


overflow of the accumulator. 


saved in saved in ; 
the stack the stack stack pointer 


(aT ame eee 
ev [ac] 1 [nes] Ps | sro} $P| so] 
7 6 5 4 3 2 1 0 
MSB LSB 


7289149 


Fig. 18 Program.status word. 


* With prescaler select, PS = 0, the timer counts modulo-32 machine cycles, with PS = 1 it counts 
modulo-1 cycles (prescaler not used); prescaler cleared with STRT T, prescaler not readable. 
** READ does not disturb the counting process. 
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FUNCTIONAL DESCRIPTION (continued) 
Program status word (continued) 


All bits can be read using the MOV A, PSW instruction. Bits 7 and 6 are set and cleared by CPU 
operation. Bit 4 can be changed by a SEL RB instruction, bit 3 by the MOV PSW, A instruction, and 

bits 0, 1 and 2 by the CALL, RET or RETR instructions and in the event of an interrupt. Bits 7, 6 and 

4 are stored in the program counter stack during subroutine and interrupt calls. These bits are restored 

in the PSW with a RETR (return and restore) instruction which must be used at the end of an interrupt and 
can be used at the end of a normal subroutine. The RET instruction has no restore feature and cannot 
be used at the end of an interrupt. 


Program counter (see Fig. 19) 


A 13-bit program counter is used to facilitate 8 K bytes of ROM being addressed. The arrangement of 
the bits is shown in figure 19. During an interrupt subroutine PC44 and PC49 are forced to logic 0. 
All 13 bits are saved in the stack during CALL and interrupt routines. 


wperpendolralrealralre rele] ea 


Conventional Program Counter 


e counts OOOH to 7FFH 
e overflows 7FFH to 000H 


JMP or CALL instructions transfer the 
contents of internal flipflop MBFFO to PC74 
and MBFF1 to PC72 


e (MBFFQ) < 0 by SELMBO or RESET 
(MBFF1) < 0 


e (MBFFO) < 1 by SEL MB1 
(MBFF1) <— 0 


e (MBFFO) < O by SEL MB2 
(MBFF1) < 1 


e (MBFFO) < 1 by SELMB3 
7289150 (MBFF1) < 1 


Fig. 19 Program counter. 


Central processing unit 


The PCD3343 has arithmetic, logical and branching capabilities. The DA A, SWAP A and XCHD 
instructions simplify BCD arithmetic and the handling of nibbles. The MOVP A,@A instruction 
permits efficient table look-up from the current ROM page. 


Conditional branch logic 


The conditional branch logic within the processor enables several conditions, internal and external to 
the processor, to be tested by the user’s program. Table 5 lists the conditional jump instructions used 
to change the program sequence. The DJNZ instruction decrements a designated register or data 
memory location and branches if the contents are not zero. This instruction is useful for looping 
control. The JMPP@A instruction allows multiway branches to destinations determined by the contents 
of the accumulator. 
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Table 5 Conditional branches 


jump condition jump instruction 


accumulator all bits zero JZ 
any bit non-zero JNZ 
JBO to JB7 


accumulator bit test 
carry flag 


timer overflow flag 
test input TO 


test input T1 


oO-2 OO -|- O-| Oo = —= 


register 


Test input T1 (pin 13) 
The T1 input line can be used as: 


@ A test input for branch instructions JT1 and JNT1 
@ An external input to the event counter 
When used as a test input: 


@ JT1 instruction tests for logic 1 level 
@ JNT1 instruction tests for logic O level 


When used as an input to the event counter, T1 must be LOW for > 4 CP, followed by a HIGH for 
> 4 CP. The transition can be recognized with a repetition rate of once per 30 oscillator clock periods 
(1 machine cycle). 


There is no internal pull-up or pull-down resistor connected to the T1 input. If required it must be 
externally connected to a resistor (R = < 100 kQ2). When T1 is not used pin 13 must be connected to 


Vpp Or Vss. 
Reset (pin 17) 
A positive-going signal on the RESET input/output: 


@ Sets the program counter to zero 

@ Selects location 0 of memory band 0 and register bank O 

@ Sets the stack pointer to zero (000); pointing to RAM address 8 

@ Disables the interrupts (external, timer and serial |/O) 

@ Stops the timer/event counter, then sets it to zero 

@ Sets the timer prescaler to modulo-32 

@ Resets the timer flag 

@ Sets all ports according to reset states 

@ Sets the serial |/O to slave receiver mode and disables the serial |/O 
@ Cancels IDLE and STOP mode 


After the voltage is applied to RESET an internal delay of 1866 CP is introduced before the micro- 
controller commences operation. 


* Because of the inverted interrupt input CE/TO the conditional jump JTO is also inverted. 
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FUNCTIONAL DESCRIPTION (continued) 
Power-on-reset and low-voltage detection (see Fig. 20) 


In telephony applications, correct operation of the PCD3343 during moments of slowly changing 
supply voltages and low-voltage conditions is essential. This is achieved by the addition of an internal 
power-on-reset and low-voltage detection circuit. 

To allow an external RESET signal being fed into the PCD3343, the reset pin (pin 17) has been 
configured as an input/output. 


While a reset condition exists in the detection circuit, pin 17 is pulled HIGH by TR1 controlled by the 
reset circuit. 

When the reset condition is not present a pull-down current source (TR2) will be activated. TR2 forces 
pin 17 LOW thus removing the RESET signal from the microcontroller. 


Since the level at pin 17 is recognized by the microcontroller, the reset time constant can be stretched 
by connecting an external capacitor between Vpp and pin 17 (see Fig. 22). 


The signal at pin 17 can also be used as an output to reset other devices in the system. 


The internal reset circuit monitors the PCD3343 supply voltage. If the voltage drops below the 
switching level (typ. 1,3 V), a reset (HIGH) is applied to pin 17. This reset is removed (pin 17 goes 
LOW), after a fixed delay (tq), when the supply voltage rises above the switching level again. The delay 
ensures a complete reset even when the supply voltage quickly rises above switching level after initial 
switch-on. 


During a low-voltage condition the oscillator is inhibited to prevent complete discharge of a weak 
battery. The timing of the power-on-reset and low-voltage detection circuit is shown in figure 21. 


28 
Vop 
oscillator 
inhibit 
TR1 
' POWER “LT p 
ref —> ON 
RESET JL 17 
RESET 
TR2 
= current ‘i 
source 
PCD 3343 TR3 internal 
zai reset 
14 
i Vgg 
7287796 


Fig. 20 Power-on-reset configuration. 
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3V low voltage condition 
VOLTAGE RESET pes =aee 
— | 
Vop mo on oe oe oD 
RESET 
: | 
Vop = 7 ep ae am a 
OSCILLATOR (1) (2) (3) (1) (2) (3) 
2) 
—! ty <«— Sot. 
7287797 


Where: (1) Oscillator inhibited 
(2) Oscillator starting 


(3) Oscillator running, but may be stopped with a STOP condition 


Fig. 21 Timing of power-on-reset and low-voltage detection. 


V 
28 DD 
oscillator 
inhibit 
TRI Creset 
POWER LT p 
V 
ref —> ON 
RESET Jl ,7| RESET 
battery 
TR2 supply 
a current P 
source 
< 100 \ 
PCD 3343 TR3 internal kQ 
gi reset 
14 
i 
Vss - 7287798 


Fig. 22 Stretched power-on-reset with external capacitor. 
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INSTRUCTION SET 


The PCD3343 instruction set consists of over 80 one and two byte instructions and is based on the 
MAB8048 instruction set. New instructions include those for serial |/O operation and memory bank 
selection. Program code efficiency is high because all RAM locations and all ROM locations on a 
256 byte page require only a single byte address. 


Table 8 gives the instruction set of the PCD3343. Table 7 shows the instruction map and Table 6 
details the symbols and definition descriptions that are used. 


Table 6 Symbols and definitions used in Table 8 


definition description 


accumulator 
program memory address 

bit designation (b = 0-7) 

register bank select 

carry bit (bit CY) 

event counter 

mnemonic for 4-bit digit (nibble) 
8-bit number or expression — 
interrupt 

memory bank 

memory bank flip-flop 

mnemonic for ‘in-page’ operation 
program counter 

port designation (p = 0, 1 or 2) 
program status word 

register bank 

register designation (r = 0-7) 

serial 1/O register 

stack pointer 

timer 

timer flag 

test O and 1 inputs 

immediate data prefix 

indirect address prefix 

contents of X | 

contents of location addressed by X 
is replaced by 

is exchanged with 
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Table 7 PCD3343 instruction map 


first hexadecimal character of opcode 
second hexadecimal character of opcode 


I 0 1 1 1 2 i 3 I 4 I 5 | & 1 7 | 8 | 9 1 A 1 B I Cc ! D I E | F 
! SSS SSS SS SSS SSS SS SSS SB SS SS SPS SS SS SS SS SE SS SSS SSS SSS SS SS SS SSE SS SS SSS SS SS SS SS SSE ST SSS SS SSS SSS SSS SSS STP SS HS SSS SSS SSSSSSSR SSSR S25 S555 25 255552 = 
10 1 NOP { IDLE | 1 ADD {$! jJMP | EN I | \JNTF I DEC AI IN AsPp 1 | MOV A>Snr 1 
! ! ! I 1As#datal page 0! | addr | | 0 | 1 | z l | 8) | 1 | 1 
[Hees Se ss etoee meee So ee ee a ee ee eee LE ee ee oe eee eee eee ee eee Ce eee ee ee eee ee eee See ete eee eS ee Rees es 
! 2 1 INC @Re 1 JBO i ADDC | CALL |! DIS I! JTF i INC Alt INC Rr 
1 ! 0 | 1 1! addr JA;:s#datal page DO! 1 addr | 1 0 ! 1 1 2 | 3 | 4 | 5 1 6 I 7 
JeSeei aoe oo ce lee eee Se eee eee ee ee aa ee ek ee ee ee ee See i ee ee ee ee eee 
{ 2 1 XCH As@Rr | STOP | mov {ft JMP { EN 1 JNTO ! CLR A} XCH AsRr 
1 1 0 ! 1 | lA»s#datal page i! TCNTI 1 addr | ! 0 | 4 i z 1 3 1 4 | 5 | 6 | 7 
Hy Sa an a a Se laa a SS ee ee ee ee eee ee SS ee eee ee eee eee et eee ee See eee See ew we ee ee ee See 
| 3 | XCHD A,saRr 1 JBi 3} } CALL t BIS 1 JTO t CPL AJ OUTL PpsA 1 1 MOV SnsA | 
i 1 0 | 1 1! addr } | page 1! TCNTI | addr | 1 0 | 4 i 2 ! | 0 | 1 i z I 
fae eee Soe sec eee eek oe Chee ee ce eee ee ee Se ee Soe eee ee ee ee eee eo eee eee eee eee oe ce SS oe ee Se eee ee ee eS 
1 4 | ORL AsaRr | MOV ft ORL | JMP | STRT | JNT1 1 SWAP | ORL AsRr 
1 | 0 } 4 1 AsT JAs#datal page 2! CNT | adar ! A 1 0 | 1 i Zz 1 3 1 4 l 5 1 é | 7 
{ a ss cs, mc “neces mrs ces “emesis cee) Sh me hae oa hw sh a a a pm es me a a a a sa ee a ae Sa a a ee ee ne Se ee ee ee ee ee 
| 3 t ANL As@Rr 1 JB2 | ANL +F CALL | STRT | JT1 ! DA AT ANL AaRer 
i | 0 1 1 { addr lA;#datal page 27! T | addr | | 0 i 1 \ 2 i 3 i 4 j 5 i & \ 7 
[ess eee sc Seo eee eee eee ee eh ee eee ee ee See See ee Roo ee oe eee ea eee oe eee eee eet ek eee ee a Se Sse ete eS 
1 6 | ADD AsaRr i MOV I 1 JMP +t STOP | 1 RRC A | ADD A>sRr 
I | 0 l 4 1 TsA  } | page 3! TCNT } 1 1 0 ! 1 ! z | 3 i 4 1 5 | & t 7 
} mee or ee mee ewe we a ae ne a a a a we a ns ee ee ee we we ee en ee a a nn a we ne ee ee we we ie we we i a an a a ee ne we ee ee ee ae a ee ee we i ee wn ew ee ew wee ww a ee ee 
| 7 t ADDC A>saRr 1 JB3 1 1} CALL | 1 1 RR At ADDC ArRr 
1 1 0 j 1 ! addr } | page 31 | | | 0 | 1 | 2 1 3 | 4 | 5 | & | 7 
peso See eae Soce coo cesta e ho See ee ok Se beeches ee So ket ieee ee ee So ee ee Ba ee ee ee ee ee ee eee 
1 8 | I | 1! RET ! JMP ft EN | | ORL Pp;s#data | l i j i 
l l I 1 1 | page 4! SI | ! 1 0 1 1 | 2 l i | | 1 
! ee mee san, a ee es sc a oa a sh a a se ek er fe a as tee ne cm ee ee ee eh ee ee i ee ee ae ee ee Se ee a oe eee ee Soe Se SSS Se ee See See 
19) 1 1} JB4 % RETR 1 CALL | DIS t JNZ | CLR C 1 ANL Ppstdata | 1 MOV Snstdata | 
! | | 1 addr | 1! page 4! SI | addr | | 0 | 4 | 2 | | 0 I 1 | z | 
| Hee nae S66 SS SS eee a ae eee es eee eee ee ee ee ee ee ee ee Se ee eee ee eh a ae i ee ee Se eee eee eee 
1 A Tt MOV @RrsA 1 1! MOVP [| JMP J! SEL | 1 CPL C | MOV RrsAé 
! I 0 | 4 ! | As@A | page SI MBz | 1 1 0 | 4 | z | 3 i 4 | 5 | & | 7 
} ee a a i i a a a a a a a a ew ww ww we ww we we ee ew ae a a a a a a en a ee i a we ee ee a a ee ee ew eee wee we wwe ee 
| Bot MOV @aRr>s#data |! JB5 1 =JMPP ! CALL | SEL 1 1 1 MOV Rrstdata 
1 | 0 1 1 1 addr | aA ! page 51 MBS | I | 0 | 1 | 2 1 3 1 4 | 5 | & | 7 
} eee ew ww eM ew we we ew we ewe wee ew me we wm em we we mw ee ww www wee we ee ee ee eee ee ee ee ee we ewe eo eee a ee we ee ee ee ew eo ww ee ww eee oe wow ee ee ee a ee oe ee ee we oe ee 
1 C 1 DEC aRr } | 1 JMP ft SEL JI JZ 1} MOV {| DEC Rr 
1 ] 0 l 4 | I | page 6! RBO 1 addr i AsPSW 1 0 1 1 I 2 1 3 i 4 | 5 l 6 | 7 
| ------~~-—---~-- +--+ - ee ee ee ee ee ee ee ee ne ee ee een ee ee eee 
' 0 t XRL As@Rr | JB& 4 XRL I CALL 1 SEL 3} 1} MOV | XRL AsRr 
| 1 0 | 1 1 addr !A;:#datal page 6! RB1 | 1 PSWsA |} 0 | 4 | 2 1 3 I 4 | 5 l & i 7 
} ee ee em wee ewe wn a wee me em ew we ee ee a a a a ae we we a we a a we we we ee a a a a a a a a nn wa a a a a ne a a a a a a a a eee ee a a oe ee re we ew ww ew ew ww we 
1! € | DJNZ @Rrsaddr | | 1) JMP of SEL | JNC | RL At DJNZ Rrs addr 
1 | 0 ! 4 1 ] | page 7! MBO 1 addr } I 0 1 1 l z | 3 1 4 1 5 | & | 7 
| ee ee ne a a a a = = a a a a a a a a ae a a a a a a = a ae ee eee eee ee ee ee ee eee ee ee ee ee 
1 F t MOV A;sa@Rr 1 JB7 3 1 CALL | SEL 1 JC 1 RLC At MOV A:Rr 
! ! 0 | 1 1! addr ij |! page 7i MB1 | aadr | 1 0 | 1 | 2 1 3 i 4 1 =) | 6 j 7 
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INSTRUCTION SET (continued) O 
Table 8 Instruction set < 
mnemonic opcode bytes/ | description function notes O 
(hex.) cycles < 
ADD A, Rr Add register contents to A (A)<(A) + (Rr) r=Q-7 | 1 8 
ADD A, @Rr 60 Add RAM data, addressed by Rr, to A (A)<-(A) + ((RO)) 1 O 
61 (A)<(A) + ((R1)) 2 
ADD A, #data_ | 03 data Add immediate data to A | (A)<(A) + data 1 rat 
ADDC A, Rr 7” Add carry and register contents to A (A)<(A) + (Rr) + (C) r= 0-7 1 D 
ADDC A, @Rr 70 Add carry and RAM data, addressed (A)<(A) + ((RO)) + (C) 1 me 
71 by Rr, toA (A)<-(A) + ((R1)) + (C) . Oo 
ADDC A, #data_ | 13 data - Add carry and immediate data to A (A)<-(A) + data + (C) 1 D 
ANL A, Rr 5* ‘AND’ Rr with A (A)<(A) AND (Rr) r= 0-7 oO 
o | ANLA, @Rr 50 ‘AND’ RAM data, addressed by Rr, with A | (A)<-(A) AND ((RO)) <.. 
© 51 (A)<(A) AND ((R1)) Oo 
< ANL A, #data 53 data ‘AND’ immediate data with A (A)<-(A) AND data rt 
= |ORLA, Rr 4* ‘OR’ Rr with A (A)<(A) OR (Rr) r=07 > 
& |ORLA, @Rr 40 ‘OR’ RAM data, addressed by Rr, with A | (A)<(A) OR ((RO)) a 
e 41 (A)<(A) OR ((R1)) 
ORL A, #data 43 data ‘OR’ immediate data with A. (A)<(A) OR data 
XRL A, Rr D* ‘XOR’ Rr with A (A)<(A) XOR (Rr) r= 0-7 
XRL A, @Rr DO ‘XOR’ RAM, addressed by Rr, with A . (A)<(A) XOR ((RO)) 
D1 (A)<(A) XOR ((R1)) 
XRL A, #data D3 data *XOR’ immediate data with A (A)<(A) XOR data | 
INCA 17 increment A by 1 (A)<(A) + 1 
DEC A 07 decrement A by 1 (A)<(A) —1 
CLRA 27 clear A to zero (A)<O 
CPLA 37 one’s complement A (A)<-NOT(A) 
RLA E7 rotate A left (An + 1)<(An) n=0-6 
(Ag)<(A7) 
ae 
© 
O 
Go 
GW 
Aa 
Go 
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ACCUMULATOR (cont.) 


” 
Lid 
> 
O 
= 
x 
bE 
< 
Q 


MOV A, Rr 
MOV A, @Rr 


MOV A, #data 
MOV Rr, A 
MOV @Rr, A 


MOV Rr, #data 
MOV @Rr, #data 


XCH A, Rr 
XCH A, @Rr 


XCHD A, @Rr 


| MOV A, PSW 


MOV PSW, A 
MOVP A, @A 


F* 
FO 
F1 


23 data 


B1 data 
27 
20 
21 


rotate A left through carry 
rotate A right 
rotate A right through carry 


decimal adjust A 


swap nibbles of A 


move register contents to A 
move RAM data, addressed by Rr, to A 


move immediate data to A 
move accumulator contents to register 


move accumulator contents to RAM 
location addressed by Rr 


move immediate data to Rr 


move immediate data to RAM location 
addressed by Rr 


exchange accumulator contents with Rr 


exchange accumulator contents with 
RAM data addressed by Rr 


exchange lower nibbles of A and RAM 
data addressed by Rr 


move PSW contents to accumulator 
move accumulator bit 3 to PSW3 
move indirectly addressed data in 
current page to A 

clear carry bit 


complement carry bit 


(An + 1)An 
(Ag)<(C), (C)<(A7) 
(An)<(An + 1) 
(A7)<(Ag) 


(An)<(An + 1) 
(A7)<(C), (C)<(Ag) 


(Ag_7)<(Ag_3) 
(A)<(Rr) 


(A)<((RO)) 
(A)<((R1)) 


(A)<data 
(Rr)<(A) 


((RO))<(A) 
((R1))<(A) 


(Rr)<-data 


((RO))<-data 
((R1))<-data 


(A)<(Rr) 


(A)<((RO)) 
(A)<((R1)) 


(Ap_3)<((RO9_3)) 
(Ap_3)<((R19_3)) 
(A)<(PSW) 
(PSW3)<(A3) 


(PCg_7)<(A), (A)<-((PC)) 


(C)<O 
(C)<NOT(C) 


|o"| 
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INC Rr 
INC @Rr 


(Rr)<(Rr) + 1 


((RO))<((RO)) + 1 
((R1))<—((R1)) + 1 


(Rr)<(Rr) —1 


((RO))<((RO)) —1 
((R1))<-((R1)) —1 


increment register by 1 
increment RAM data, addressed by Rr, by 1 


DEC Rr 
DEC @Rr 


decrement register by 1 
decrement RAM data, addressed by Rr, by 1 


REGISTER 


1/1 
10 1/1 
11 
c* 1/1 
CO 1/1 
C1 

2/2 


@ 4 address 


unconditional jump within a 2 K bank (PCg_49)<-addrg_19 


(PCg_7)<-addrg_7 
(PC44_12)<-MBFF O—1 
(PCo_7)<((A)) 

(Rr)<(Rr) —1 

if (Rr) not zero (PCg_7)<-addr 
((RO))<-((RO)) —1 


JMPP @A 
DJNZ Rr, addr 


B3 
E* address 


1/2 
2/2 


indirect jump within a page 
decrement Rr by 1 and jump if not 
zero to addr 


decrement RAM data, addressed by Rr 
by 1 and jump if not zero to addr 


DJNZ @Rr, addr | EO 


E1 ((R1))<—((R1)) —1 


4 2 address 
F6 address 
E6 address 
C6 address 
96 address 
36 address 
26 address 
56 address 
46 address 
16 address 
06 address 


JBb addr 
JC addr 
JNC addr 
JZ addr 
JNZ addr 
JTO addr 
JNTO addr 
JT1 addr 
JNT1 addr 
JTF addr 
JNTF addr 


jump to addr if Acc. bit b = 1 ifb=1 : (PCo_7)<addr 
if C=1 :(PCg_7)<addr 
if C=O : (PCo_7)<addr 
if A=0 : (PCo_7)<addr 
if A#O : (PCo_7)<addr 
if TO = 0: (PCo_7)<addr 
if TO = 1: (PCo_7)<addr 
if T1 = 1: (PCg_7)<addr 
if T1 = 0: (PCo_7)<addr 
if TF = 1: (PCo_7)<addr 
if TF = 0: (PCo_7)<-addr 


jump to addr if C = 1 

jump to addr if C =0 

jump to addr if A=0 

jump to addr if A is NOT zero 
jump to addr if TO=0 

jump to addr if TO = 1 

jump to addr if T1 = 1 

jump to addr if T1 =0 

jump to addr if Timer Flag = 1 


jump to addr if Timer Flag = 0 


BRANCH 


if ((RO)) not zero (PCo_7)<-addr 


if ((R1)) not zero (PCg_7)<-addr 


opcode bytes/ | description function notes 
(hex.) cycles 
1 * 


r=0-—7 


r= 0-7 


r= 0-7 
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TIMER/EVENT COUNTER 


—I 
O 
co 
ra 
= 
O 
O 


SUBROUTINE 


MOV A, T 
MOV T,A 


STRT CNT 
STRT T 
STOP TCNT 
EN TCNTI 
DIS TCNTI 


CALL addr 


RET 


RETR 


4 4 address 


move timer/event counter contents to 


accumulator 


move accumulator contents to 
timer/event counter 


start event counter 
start timer 
stop timer/event counter 


enable timer/event counter interrupt 
disable timer/event counter interrupt 


enable external interrupt 
disable external interrupt 
select register bank O 

select register bank 1 

select program memory bank 0 
select program memory bank 1 
select program memory bank 2 
select program memory bank 3 
enter STOP mode 

enter IDLE mode 


jump to subroutine 


return from subroutine 


return from interrupt and restore 
bits 4, 6, 7 of PSW 


(A)<(T) 


(T)<(A) 


(RBS)<0O 
(RBS)<1 
(MBFFO)<0, (MBFF1)<-0 
(MBFFO)<1, (MBFF1)<O 
(MBFFO)<0, (MBFF1)<1 
(MBFFO)<1, (MBFF1)<1 
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((SP))<-(PC), (PSW4 6 7) 
(SP)<-(SP) + 1 
(PCg__149)<addrg_19 
(PCo_7)<-addr9_7 
(PC44_12)<-MBFF O—1 
(SP)<-(SP) —1 

(PC)<((SP)) 

(SP)<(SP) —1 

(PSW4 6, 7) + (PC)<((SP)) 
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SERIAL INPUT/OUTPUT 


IN A, Pp 


OUTL Pp, A 


ANL Pp, #data 


ORL Pp, #data 


MOV A, S, 


MOV S,, A 


MOV S,, #data 


EN SI 
DIS SI 


Notes to Table 8 


.PSW CY, AC 
. PSW CY 
. PSW PS 
. Execution of JTF and JNTF instructions resets the Timer Flag (TF). 


affected 
affected 
affected 


pO peo iEe Ge DE F 


mm. 


input port p data to accumulator 


output accumulator data to port p 


AND port p data with immediate data 


OR port p data with immediate data 


move serial |/O register contents to 
accumulator 


move accumulator contents to serial 
1/O register 


move immediate data to serial 
1/O register 


enable serial 1/O interrupt 
disable serial 1/O interrupt 


5. PSW RBS 
6. PSW SPg, SP, SP2 


(A)<(PO) 
(A)<-(P1) 
(A)<(P2) 


(PO)<(A) 
(P1)<—(A) 
(P2)<-(A) 


(PO)<-(PO) AND data 
(P1)<(P1) AND data 
(P2)<-(P2) AND data 


(PO)<-(PO) OR data 
(P1)<-(P1) OR data 
(P2)<-(P2) OR data 


(A)<(SO) 
(A)<(S1) 


(SO)<-(A) 
(S1)<(A) 
(S2)<(A) 
(SO)<data 


(S1)<-data 
(S2)<-data 


affected 
affected 


7. (A) = 1111 P23, P22, P21, P20. 


8. (S1) has a different meaning for read and write Operation, see 


serial |1/O interface. 


9. (S2) is a write only register. Reading S2 will give value FFH. 
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Signetics Linear Products Aavance Information 


CMOS Microconiroller for Telephone Sets PCD3343 

RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 28) Vpp —0,8to+8 V 
All input voltages V| 0,8toVppt+ 0,8 V 
D.C. current into any input or output +1j,+IQ max. 10 mA 
Total power dissipation (see note) Prot max. 500 mW 
Power dissipation per output 

except P23, SCLK Po max. 50 mW 

P23, SCLK Po max. 180 mW 
Storage temperature range Tstg —65to+ 150 °C 
Operating ambient temperature range Tamb —25to +70 °C 
Operating junction temperature Tj max. 125 °C 
Note 
Thermal resistance (junction to ambient) 

for SOT-117D Rth j-a max. 120 K/W 

for SOT-135A Rthj-a max. 60 K/W 

for SOT-136A Rthj-a max. 150 K/W 
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D.C. CHARACTERISTICS | 
Vpp = 2,75 to 6 V; Vss =0 V; Tamb = —25 to + 70 °C; all voltages with respect to Vss; f = 3,58 MHz 
with Rg = 50 £2; unless otherwise specified. 


romero in [om frm [ 


Supply voltage 
operating (see Fig. 23) 
STOP mode for RAM retention 
Supply current 
operating 
at Vpp = 3 V (see Fig. 24) 


IDLE mode 
at Vpp = 3 V (see Fig. 25) 


STOP mode (see Fig. 26 and note 1) 


at Vpp = 1,8 V; Tamb = 25 OC IDD 
at Vpp = 1,8 V; Tamb = 70 OC IpDp 


RESET 1/O 
Switching level 


VRESET 


Sink current 
at Vpp > VRESET 


lOL 


Inputs 
Input voltage LOW 
Input voltage HIGH 


VIL 


Input leakage current 
at Vss < Vi < Vpp 


Outputs 
Output voltage LOW 
at Vj} = Vss or Vpp; Ilol<1uA 


Output sink current LOW 
at Vpp = 3 V; V9 =0,4V 
except P23/SDA, SCLK (see Fig. 27) 


P23/SDA, SCLK (see Fig. 28) 


Pull-up output source current HIGH (see Fig. 29) 
at Vpp = 3 V; Vo =0,9Vpp 


at Vpp =3 V; Vo=Vss 


Push-pull output source current HIGH 
at Vpp = 3 V; Vo = Vpp—0,4 V 


Note 1 
Crystal connected between XTAL 1 and XTAL 2; SCL and SDA pulled to Vpp via 5,6 kQ resistor; 


CE and T1 at Vso. 
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12 7287799 10 7287800 
fXTAL 
icc ree se i oR ‘oo 
m 
8 cen 
—— 
6 | | 
| | 
4 4 0,1 | [| 
/, : 
EPR EEE 
ie a ae ee a6; 
0 2 4 6 8 10 
Vop (V) 
(1) Tamb = —25 OC (1) clock frequency = 4 MHz 
(2) Tamb = 25 OC (2) clock frequency = 2 MHz 
(3) Tamb = 70 °C (3) clock frequency = 500 kHz 
Fig. 23 Maximum clock frequency (fxT,A_) Fig. 24 Typical supply current (Ipp) 
as a function of the supply voltage (Vpp). in operating mode as a function of the 
supply voltage (Vpp); Tamb = 25 °C. 
7287801 7287802 


3 
IDp TE ELLE 


| A 
\) 


| LTA 


\ 
\ 


om | 


Ma aa 
| | | 
a ae 
ae 


=== 7 


0 2 4 6 8 10 


Vpop (V) Vop (V) 


(1) clock frequency = 4 MHz 


(2) clock frequency = 2 MHz (1) Tamb = 70 °C 

(3) clock frequency = 500 kHz (2) Tamb = 25 OC 

Fig. 25 Typical supply current (Ipp) Fig. 26 Typical supply current (Ipp) 
in IDLE mode as a function of the in STOP mode as a function of the 
supply voltage (Vpp); Tampb = 25 PC. supply voltage (Vpp). 
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7287803 7287804 


lOL 
vee EEL EE 
6 SS (1) 
Pt etl 
fA | AA (3) La 
CUE 
* Aaa tt 
‘ee? asa 
0 
0 2 4 6 8 10 
Vpop (V) 
Fig. 27 Output sink current LOW (lo ,), Fig. 28 Output current LOW (I9_), 
except outputs P23/SDA and SCLK, as a outputs P23/SDA and SCLK, as a function 
function of supply voltage (Vpp); Vo = 0,4 V. of supply voltage (Vpp); Vo = 0,4 V. 


September 1985 


(1) Tamb = 25 °C; Vg = Vsg 
(2) Tamb = 25 °C; Vg = 0,9VDD 
(3) Tamb = 70 °C; Vo = Vgs 
(4) Tamb = 70 °C; Vg = 0,9Vpp 


Fig. 29 Output source current HIGH (—IoOy) 
as a function of supply voltage (Vpp). 
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A.C. CHARACTERISTICS 
Rise and fall times between 10 and 90% levels; C; = 50 pF 


at 70 °C max. value 
arameter 
proneer [Wop ea 


Fall time tf 200 100 70 
Rise time tr 200 100 80 


< 


0,7 V 

SCLK DD 
P23 WV 0,7 Vop 
VV °3 D0 

[| i \ 

| | |< —_ +> tsu;sTo |<. 
tre tHD;DAT tSU;DAT tFC 
—'tHD;STAM —>! le ~~! |< 

tRD tFD 7287806 


Fig. 30 PCD3343 timing requirements for the P23 and SCLK /nput signals. 


Table 9 Input timing shown in figure 30 


tBUF > 14txTAL 
tHD; STA > 14txTAL 
tHIGH 2 IItXTAL 
tLow 2 IItXTAL 
tsy;STO > T4txTAL 
tHD;DAT 70 
tSU:DAT 2 250 ns 
tRp <1 us 

tre <1 us 

tEp <1 us 

tFc < 0,3 us 


Notes to Table 9 


tx TAL = one period of the XTAL input frequency (fy TAL) 
= 280 ns for fyTay = 3,58 MHz. 
These figures apply to all modes. 
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A.C. CHARACTERISTICS (continued) 


<= tLow— 


0,9 V 
SCLK DD 


Vo-Lmax 


09V 
P23 DD 


Vo Lmax 


—~! THD;STA 


—> —_ —— 
tHD;DAT tsu;DAT 7287807 


Fig. 31 PCD3343 timing requirements for the P23 and SCLK output signals. 


Table 10 Output timing shown in figure 31 
timing 
low-speed mode 


normal mode 
(ASC in S2 = 0) (ASC in S2 = 1) 


tHD; STA %2 (DF + 9) tx TAL % (DF + 9) tx TAL 
tHIGH (DF) = tXTAL (DF) = tXTAL 
tLow (DF) — txTAL (DF) — txTAL 
tSu; STO % (DF —3) tx TAL % (DF —3) tx TAL 


tHD; DAT 
(slave transmitter 


any DF 2 ONKXTAL 
S12tXTAL 


2 SOtXTAL 
S 12tXTAL 
tHD: DAT 

(master transmitter) 


for DF <51 2 ONYXTAL - 


S12tXTAL 7 
for DF <99 _ 2 IXTAL 
re < 12tyx TAL 
tsu; DAT 
(master transmitter) 


for DF > 51 


for DF > 99 
for DF <51 
for DF <99 


TAC 


7 19tXTAL - 


< 24tx TAL 


2 OXTAL 


2 MHXTAL 
S 12txTAL 


7 IStXxTAL 
< 24tyx TAL 
2 M8XTAL 
2 StXTAL 
S 12tXTAL 


tEp. tfc < 100 ns < 100 ns 
at Ch = 400 pF at Cp = 400 pF 


Notes to Table 10 

tXTAL = one period of the XTAL input frequency (fyT ay ) 
= 280 ns for fy tay = 3,58 MHz. 

DF = divisor (see Table 2 Serial I/O section). 

Ch = the maximum bus capacitance for each line. 
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APPLICATION INFORMATION 


A block diagram of an electronic featurephone built around the PCD3343 is shown in figure 32. It 
comprises the following dedicated telephony IC’s: 


@ TEA1060/1061 transmission circuit for telephony 
@ PCD3312 DTMF generator with Serial |/O 
@ PCE2111 or PCF8577 2 LCD drivers in LCD module MB7020160 
@ PCD8571 1 K RAM’s with Serial |/O; the number of RAM’s depends on the 
required amount of stored telephone numbers 
@® PCD3360/3361 programmable multi-tone ringer 
TRANSMISSION | DIALLING 
i] 
supply KEYBOARD 
TRANSMISSION DEDICATED tit y+ 4 
CIRCUIT se 
se S eo RaaeG power down | MICROCONTROLLER SH 14 
ntact TEA1061 PCD3343 ~+- 
oe i FHA 
a woven One & 
telephone 
line ‘ 
| 
b/a DP/flash H 
DTMF 
i 502 | i PCD3312 
a (Ck) ELECTR. H: | SCL SDA 
RINGER Eases: a ea aera 
: 2* LCD r 7 
eepecce CE s ave rt aepicit | 
ig a 
ee ey a | 
I2C BUS 
ale 
PCD8571 | 
* max. 8 


CLOCK 
| CALENDAR 
PCB8573 
tot 
rot 


Fig. 32 Block diagram of electronic featurephone with common line interface. 


7287809 


A detailed application diagram of the PCD3343 with PCD3312 (DTMF), two PCD8571 (RAM) and 
two PCE2111 (LCD display drivers) is shown in figure 33. 


Row 5 of the keyboard contains the following special keys: 


ep program and autodial eR redial or extended redial 
@ FL flash or register recall @ AP access pause 


Row 6 contains the different diode options. 
Columns 5 and 6 contain the button keys MO to MQ; single name keys for repertory telephone numbers. 
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APPLICATION INFORMATION (continued) 


DTMF 


supply from | 
TEA1060/1 


ground 


mute lines 


line interrupter 
or flash output 


S| Ef ED FONE | GM 9 GRE ) GES | ee 


battery 
supply 3,58MHz 97oF 
(Ni e PCD3311 AO in Be 10 
PCD8571 A1-—4 
oy, PCD3312 i ko 
(| 


VpD 
up to 8 x PCD8571 


XTAL1 XTAL2 
SCLK 


PCD3343 Bi Sete ees a ee, 
[ | 
BP1 
2 x PCF8577 


16 DIGITS LCD 
Ms | keyboard L 
Po [De | [oe ar 


st eS aan 
Bat 


PULSE/DTMF NORMAL/DIRECT EXTENSION KEYBOARD 


COLUMNS 
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Fig. 33 Application diagram of PCD3343 for electronic featurephone with associated keyboard. 


Additional information is available on request for the following: 
@ Serial I/O 

17C bus specification 

Interrupt logic 

Instruction set descriptions 

Software routines for an intelligent telephone set 


e@oe38 @ 
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Signetics Linear Products 


Programmable Multi-Tone Telephone Ringer 


GENERAL DESCRIPTION 


The PCD3360/61 are CMOS integrated circuits, designed to replace the electro-mechanical bell in 
telephone sets. They meet most postal requirements, particularly with tone sequence possibilities and 
input frequency selectivity. Output signals for a loudspeaker or for a piezo-electric (PXE) transducer 
are provided. In the former application, no audio transformer is required since the loudspeaker is 
driven in class D. 


Features 


Output signals for electro-dynamic transducer (loudspeaker) or for piezo-electric transducer (PXE) 
7 basic frequencies (tones) and a pause 

4 selectable tone sequences 

4 selectable repetition rates 

3 selectable impedance settings 

3-step automatic swell | udeneak } 
Delta-modulated output signal that approximates a sinewave J a ate 
Input frequency discriminator with selectable upper and lower frequency limits 
Output for optical signal 


Note 


Tone sequences (up to 16 tones long), impedance settings and automatic swell levels are mask 
_ programmable for customized versions. 


QUICK REFERENCE DATA 


Available frequencies (tones) 533/600/667/800/ 


1000/1067 and 1333 Hz 
Number of intervals per tone sequence 15 or 16 
Lower limits of frequency discriminator 13,33 or 20 Hz 
Upper limits of frequency discriminator 30 or 60 Hz 
Impedance settings (with 50 2 loudspeaker) approx. 7or10,50r17,5 k&Q 
Switch-on delay at 25 Hz max. 60 ms 


PACKAGE OUTLINES 


PCD3360P: 16-lead DIL; plastic (SOT-38). 

PCD3361P: 8-lead DIL; plastic (SOT-97EE). 

PCD3360T: 16-lead mini-pack; plastic (SO-16L; SOT-162A). 
PCD3361T: 8-lead mini-pack; plastic (SO-8L; SOT-176). 


5-363 September 1985 


Product Specification 


PCD3360/ 64 


Signetics Linear Products 


Programmable Multi-lone Telephone Ringer 


OSCILLATOR 
OSC ENERA 
(64 kHz) TONE G RATION 


TONE SEQUENCE GENERATION 


TIMING 
DUTY CYCLE 


CONTROL 
3 2 


PCD3360 


Vop Vg IS1 1S2  RR1RR2 TS1 TS2 


Fig. 1 Block diagram. 
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(tone pattern) 


OUTPUT 
CIRCUIT TONE 
OPT 
ENABLE FDE 


CIRCUIT . 


7Z87622.1 


FDI FL FH 


Signetics Linear Products 


Programmable Multi-Tone Telephone Ringer 


PCD3360P 


PCD3360T 


7287621.1 


Fig. 2 Pinning diagram for PCD3360P 
and PCD3360T. 


PCD3361P 


PCD3361T 


7287620.1 


Fig. 3 Pinning diagram for PCD3361P 
and PCD3361T. 


Note 


PINNING 
1 PDE 
2 RR2 
3 RR1 
4 osc 
5  Vppb 
6 TONE 
7 OPT 
8 DM 
9 IS2 
10 +181 
11 Vss 
12 TS2 
13 TS1 
14 FDI 
15 FL 
16 FH 
PINNING 
1 RR 
2 Osc 
3. ~VpD 
4 TONE 
9  Vss 
6  TS2 
7  #+TS1 
8 FDI 


PCD3360 pins not available in the PCD3361 are at Vsc. 
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frequency descriminator enable 
repetition rate selection 


oscillator 

positive supply 

tone output 

optical signal output 
drive mode selection 


impedance setting and automatic swell 
negative supply 
tone sequence selection 


frequency discriminator input 
lower frequency limit selection 


upper frequency limit selection 


repetition rate selection 
oscillator 

positive supply 

tone output 

negative supply 


tone sequence selection 


frequency discriminator input 
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FUNCTIONAL DESCRIPTION (see Fig. wv 
Supply pins (Vpp and Vss) | 


If the supply voltage (Vpp) drops below the standby voltage (Vsp), the oscillator Sad most other 
functions are switched off and the supply current is reduced to the standby current (Isp). The 
automatic swell register retains its information until Vpp drops further to a value Vas at which reset 
occurs, | 


Oscillator (OSC) 


The 64 kHz oscillator is operated via an external resistor and capacitor connected to pin OSC. The 
oscillator signal is divided by two to provide the 32 kHz internal system clock. 


Selection pins (FDE, RR2, RR1, DM, IS2, IS1, TS2, TS1, FL and FH) 


These pins are pulled down internally by a pull-down current |},; when they are connected to Vpp, 
and by a pull-down resistance Rj, when they are connected to Vs (see Fig. 4). Thus when the pins 
are open-circuit they are defined LOW. Therefore only a single-contact switch is required to connect 
the pins to Vpp; yet the supply current is only marginally increased as ly is hy small. 


selection a 
mis IS2 


PCD3360 | 


7287947 


(1) Transistor resistance = Ry; when switched on. 
Fig. 4 Input circuit of selection pins. 


Frequency discriminator circuit (pins FDE and FDI) 


The frequency discriminator circuit Prevents the ringer being activated by dial pulses, speech or other 
unqualified signals. 


The circuit is enabled or disabled by input FDE. 


When FDE is HIGH, FDI acts asa logic enable input. 

The circuit will produce tone sequences provided FDI is HIGH and Vpp exceeds Vsp. 

When FDE is LOW, FDI acts as the frequency discriminator input. 

The circuit will produce tone sequences provided Vpp exceeds Vsp and the signal at FDI fulfils the 
conditions set by FL and FH. 


When the frequency discriminator is enabled (Vpp > Vsp and FDE = LOW) the circuit will start to 
produce tone sequences after two rising or two falling edges have occurred at FDI. The time between 
these edges must be within the limits set by FL and FH. 
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The circuit will continue to produce tone sequences provided the time between subsequent falling edges 
or between subsequent rising edges remains within the limits set by FL and FH, otherwise it will stop. 
Because two edges are required for detection, either positive or negative, the switch-on delay will vary 
between 1 and 1,5 cycles of the incoming ringing frequency. 


FDI has a Schmitt-trigger action; the levels are set by an external resistor R2 (see Fig. 9) and an internal 
sink current that is switched from 20 uA (typ.) for FDI = LOW to < 0,1 wA for FDI = HIGH. Excess 
current entering FDI via R2 is absorbed by internal diodes clamped to Vpp and Vss. 


Selection of frequency discriminator limits (FL and FH) 


With the frequency discriminator enabled (Vpp > Vsp and FDE = LOW) the lower and upper limits 
of the input frequency are set by inputs FL and FH as shown by Table 1 and Table 2 respectively. 


Table 1 Selection of lower frequency Table 2 Selection of upper frequency 
discriminator limits (foge = 64 kHz) discriminator limits (fgg = 64 kHz) 


lower 
discriminator 
limit (Hz) 


upper 
discriminator 
limit (Hz) 


Selection of tone sequences (TS1 and TS2) 


A tone sequence is composed of 15 or 16 equal time intervals. Each time interval may be filled with 
one of seven available tones or with a pause; these are shown together with their corresponding internal 
ROM tone code in Fig. 5. 


tone key _ Cc d e g b Cc e 
frequency (Hz) 0 533 600 667 800 1000 1067 1333 
frequency ratio 8 : 9 : 10 : 12 : 15 : 16 : 20 

tone code Oo. 61 2 3 4 5 6 7 

7287948 


Fig. 5 Available tones and their corresponding internal ROM tone code. 
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FUNCTIONAL DESCRIPTION (continued) 


Four tone sequences are programmed in the internal ROM (see Fig. 6). Inputs TS1 and TS2 determine 
which tone sequence is selected and output at pin TONE. The sequences are mask programmable with 
any length up to 16 time intervals. 


The tone sequences are repeated continuously provided the enable conditions at inputs FDE and FDI 
are valid and Vpp > Vsp,; the first sequence always starts with the first tone shown in Fig. 6. 


pin state tone sequence output at pin TONE 


TS2 TS1 


SSeS 


tone code 3334442 227d7d+(i7«66 6 


tone code foe A Be Se Ea, CS ae hs. Se AS 


tone code 4545 4545 45 45 45 4 5 


Z Se 
tone code 4440444044444 4 0 0 


7287949 


Fig. 6 Tone sequences mask-programmed in the PCD3360/61. 


Selection of repetition rates (RR1 and RR2) 


The duration of a time interval within a tone sequence is determined by the state of inputs RR1 and 
RR2 as shown in Table 3. The resultant variation of repetition rate acts as a distinguishing feature 
between adjacent telephones. 


Table 3 Duration of time intervals (fogg = 64 KHz) 


input state 


time interval 
ms 


L L 
L H 
H L 
H H 
The repetition rate variation can be extended by mask programming (for customer defined versions) 


the same tone combination for all 4 tone sequences, but with a different number of time intervals per 
tone. Thus the repetition rate can be selected from 16 values by inputs RR1, RR2, TS1 and TS2. 
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Drive mode selection (DM) 


The output signal at pin TONE can be selected for application with electro-dynamic or piezo-electric 
transducers. An example of both signals, for a tone frequency of 667 Hz, is shown in Fig. 7. 


Loudspeaker mode 


In the loudspeaker mode (DM = LOW), pin TONE outputs a delta-modulated signal that approximates 
a sinewave sampled at a rate of 32 kHz. The output pulse duration is determined by pins IS1 and IS2. 
The resultant acoustic spectrum is aurally more acceptable and has greater penetration than a square 
wave spectrum because more power is concentrated at the fundamental frequency. 


PXE mode 


In the PXE mode (DM = HIGH), pin TONE outputs a square wave. In this mode the ringer impedance 
and sound pressure level are determined by the characteristics (e.g. the size) of the PXE transducer; 
inputs IS1 and !S2 are inactive. 


Setting of impedance, sound pressure level and automatic swell (1S1 and !S2) 


With DM = LOW (loudspeaker mode), inputs IS1 and IS2 determine the pulse duration of the output 
signal and thereby the d.c. resistance Rxy (seen at points x and y in Fig. 9) and also the Sound Pressure 
Level (SPL). The selection of 3 impedance settings and automatic swell is shown in Table 4. 


Table 4 Setting of pulse duration and automatic swell (DM = LOW) 


input state ringing pulse duration Rxy 
function burst (us) (kQ) 
number 
1S1 IS2 (N) harm. 
40 


automatic 20 
swell 5 
20 
constant 10 
level 5 


1. Typical pulse duration values of the fundamental and harmonic frequencies are for foc. = 64 KHz 
and fcK = 32 kHz. 


2. SPL is the relative Sound Pressure Level, and 0 dBr is defined as the SPL for IS1 = IS2 = HIGH. 


3. Values of the d.c. resistance Ry, bell impedance (Z;) and SPL are valid for a value of input 
voltage V} = 40 Vim, in Fig. 9. 


Where: 
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FUNCTIONAL DESCRIPTION (continued) 
Setting of impedance, sound pressure level and automatic swell 


When pins IS1 and IS2 are both LOW, the circuit operates in the automatic swell mode. The SPL then 
increases in three steps so that the maximum level is reached for the third ringing burst. 

Each time Vpp drops below V as the automatic swell register is reset and the next ringing burst is 
considered as N = 1 (see Table 4). 

A buffer capacitor C3 (see Fig. 9) must hold Vpp > Vas during the time between two consecutive 
ringing bursts of a series. 


For each of the other three combinations of pins 1S1 and IS2 the pulse duration has a constant value. 
Thus the ringer can be designed so that the impedance represented at the telephone line will comply 
with postal requirements that vary in relation to parallel or series connections of more than one ringer. 


To satisfy some applications, a harmonic signal is added to the fundamental frequency in the last step 
of the automatic swell mode. The pulses representing this harmonic signal are interleaved with the 
pulses of the fundamental signal (see Fig. 8). The difference in pulse duration shown in Table 4, is 
chosen so that the harmonic level is 10 dB below the fundamental level. 

The harmonic frequency range is from 2 kHz to 3,2 kHz. The individual harmonic frequencies for the 
seven tone codes and the relative fundamental frequencies are shown in Table 5. 


Table 5 Harmonic frequency in relation to tone code and fundamental frequency 


tone frequency (Hz) 


Using a single mask it is possible to program the following:— 


® Addition of harmonics in all the other input states of 1S1 and IS2 
@ All pulse duration values 
@® Other even harmonic frequencies. 


Optical output (OPT) 


The OPT output is designed to drive an optical signal transducer or lamp. It is LOW when the ringer 
circuit is enabled and HIGH when the ringer circuit is disabled. This output can also be used to switch 
the transmitter ON and OFF in the base of a cordless telephone set. 
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Vop 


DM = HIGH 
(PXE) 
Vss 
a Ting = 48 x 31,25 = 10 88 Aa 
Vop LATTE 
DM = LOW _-}- 2 ia oe 2 
(LSP) - is es trey 
Vogg ——Lititi.tTityittitTrtTPEtt ttt tit fig, be Sisk cea ae a ec 
0 10 | | 20 30 40 48 
el la 
31,25 us 
7287952 
each pulse has a duration of ts 
Fig. 7 Fundamental signal (667 Hz) at pin TONE 
(for fosc = 64-kHz, to provide fcK = 32 kHz). 
Vop 
DM = LOW 
(LSP) 
Vss 


10 20 30 40 48 


| 
<< Tharm = 12x 31,25 =375us —» 


le 


31,25 us 


ss Ting = 48 x 31,25 = 1500 | AA 


7287953 
pulse duration = tr pulse duration = th 


_—— — -——— 


Fig. 8 Fundamental signal (667 Hz) + harmonic signal (2667 Hz) at pin TONE 
(for foge = 64 kHz, to provide f¢K = 32 kHz). 
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Programmable Multi-Tone Telephone Ringer a | PCD3360/ 64 
RATINGS | 

Limiting values in accordance with the Absolute Maximum System (I1EC 134) 

Supply voltage range | Vop  =—O8to+9 V 
Supply current IpDpD max. 50 mA 
D.C. current into any input or output +1j,+1lQ max. | 10 mA 
All input voltages Vi —0,8 V to Vpp + 0,8 V 
Total power dissipation Prot max. 300 mW 
Total dissipation per output Po max. 50 mW 
Storage temperature range Tstg —65 to + 150 °C 
Operating ambient temperature range Tamb —25to +70 °C 
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Programmable Multi-Tone Telephone Ringer -  PCD3360/61 


D.C. CHARACTERISTICS 


Vop = 6 V: Vsg = 0; fose = 64 KHZ; Tamb = —25 to + 70 °C; valid enable conditions at FDI and FDE, 
unless otherwise specified 


a mo Fon [ows ow fo 


Supply 

Operating supply voltage 

Standby supply voltage (note 1) 

Supply voltage for automatic swell reset (note 2) 
Operating supply current 


Standby supply current 
at Vpp < Vsp (note 3) 


Inputs 

Input voltage LOW (any pin) 

Input voltage HIGH (any pin) 

Pull-down circuits of inputs 

FDE, RR1, RR2, DM, 1S1, 1S2, TS1, TS2, FL, FH 
pull-down resistance with input at Vss 
pull-down current with input at Vpp 

Pull-down circuit of FDI 
pull-down current with Vep; = 0,3Vpp 
pull-down current with Vep,; =0,7Vpp 
pull-down current with Vpp < Vsp 

Current into input FDI (note 4) 


Outputs 
TONE, OPT 


Output sink current 
at Vo_ = 0,5 V 


Output source current 
at VoH = Vpp—0,5 V 


Notes see next page. 
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Programmable Multi-Tone Telephone Ringer = -PCD3360/61 


A.C. CHARACTERISTICS 


Vpp =6 V; Vss = 0; fose = 64 KHz; Tamb = —25 to + 70 °C; valid enable conditions at FDI and FDE; 
unless otherwise specified 


es Co ce 


Switch-on delay 
(with FDE = LOW and ringing frequency within 
limits set by FL and FH) 

Switch-off delay (with FDE = LOW) 

at FL = LOW 
at FL = HIGH 


Oscillator frequency 
at Rosc = 365 kQ2; Coge = 56 pF (note 6) 


Frequency variation 
at Vpp = 5,7 to 8,0 V 


td(on) 


td(off) 
td (off) 


fosc 


Afosc 


Notes to the characteristics 


1. For Vpp < Vsp the circuit is in standby. 
2. At Vpp = Vas the automatic swell register is reset. 


3. The standby supply current is measured with all inputs and outputs open-circuit with the exception 
of OSC. 


4. The current ls is clamped to Vpp and to Vsg by two internal diodes. Correct operation is ensured 
with Vep| > Vpp or Vep) < Vss, provided the maximum value of |) is not exceeded. (The input 
FDI has an extended HIGH and LOW input voltage range.) 


5. The switch-on delay is measured in cycles of incoming ringing frequency. 
6. Lead lengths of Rose and Cog¢ to be kept to a minimum. 
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Programmable Multi-Tone Telephone Ringer PCD3360/61 


APPLICATION INFORMATION 
Application of the PCD3360 in a telephone ringer circuit together with a loudspeaker is shown in Fig. 9. 
The threshold levels Vjj and V,_ of the frequency discriminator circuit are determined by: 


@ The logic threshold of input FDI (0,5Vpp typ. 3,4 V for Vpp =6,8 V) 
@® The pull-down current of input FDI (20 pA typ. for FDI < 3,4 V) 
@ The value of R2 (680 kQ in Fig. 9) 


For a positive slope, the voltage at R2 must exceed the value Vj before FDI will become HIGH; Vy is 
the sum of the input threshold and the voltage drop across R2 thus: 


Vy = 3,4 + (680 x 10%) x (20 x 10°§) = 17 V. 


For a negative slope, the voltage at R2 must decrease below the value V;_ before FDI will become LOW. 
Because the current into FDI is negligible with FD! = HIGH the voltage drop across R2 can be 
discounted, thus V; = 3,4 V. 


The minimum operating voltage across C3 is 17,7 V which is determined by: 


@ The minimum operating voltage of the PCD3360 (5,7 V) 
@ The supply current of the PCD3360 (120 uA max.) 
@ The value of R2 (100 kQQ in Fig. 9) 


The total switch-on delay equals approximately the time required to charge the supply capacitor C3 to 
the minimum operating value, plus the specified switch-on delay of the PCD3360. 


The high operating voltage combined with the class D output stage ensures optimal energy conversion 
and thereby a high sound level. The design can easily be optimized for parallel or series connection of 
more than one ringer. The diode bridge, zener diode (D1) and resistor R1 protect the ringer against 
transients up to 5 kV. During these surges the voltage on the 68 V zener diode (BZWO3) can rise to 

100 V; the DMOS transistor BST72 (TR1) has a maximum drain-source voltage of 100 V. Up to 220 V, 
50 Hz can be applied to the a/b terminals without damaging the ringer. 

The choke (L1) in series with the 50 Q loudspeaker increases the sound pressure level by approximately 
3 dB by suppression of the 32 kHz carrier frequency and its sidebands. 

The flyback diode BAX18A (D2) is a fast type with low forward voltage to obtain high efficiency. 


Application of the PCD3360 together with a PXE transducer is shown in Fig. 10. The only significant 
difference between Fig. 9 and Fig. 10 is the output stage. Two BST72 transistors provide an output 
voltage swing almost equal to the voltage at C3. Pins 1S1 and IS2 are inoperative because DM = HIGH. 
Volume control is possible using resistor Ry. 
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Fig. 10 PCD3360 ringer with PXE transducer. 
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Microcomputer Development System for MAB8400 


DESCRIPTION 

The PM4300 Microcomputer Instructor 
is a powerful tool for designing, prototyp- 
ing, and debugging MAB8400 family- 
based, microcomputer systems. Such 
systems are built around the two-wire 
serial Inter-Integrated Circuit (I2C) bus. 
Along with the PM4337 personality mod- 
ule, the Instructor can be used for writing 
and debugging programs in a target |@C 
system. Features include hardware 
breakpoint, single-step with disassem- 
bly, automatic single-step, event timer, 
interrupt generation, and memory exami- 
nation/editing capability. Complete ac- 
cess to all registers, flags, and |/O 
status information on each instruction 
can be viewed through the PM4300's 
LED display, or on a CRT display via the 
built-in RS232 interface. 


The PM4300 Microcomputer Instructor 
is a completely self-contained system 
providing powerful emulation support for 
the I?C bus system. Because the 
MAB8400 family instruction set is based 
on that of the 8048, MAB8400 programs 
can be developed and downloaded from 
a host with an 8048 assembler. Pro- 
grams may also be entered via cassette 
or through the 'HEX' keyboard. Once 
entered, the operator can use com- 
mands to examine, change memory or 
registers, set breakpoints and single 
step. When program degubbing is fin- 
ished, the built-in EPROM programmer 
transfer the program to a 2716 or 2732 
EPROM. A piggyback MAB8400 may 
then be used to run the protype. 


FEATURES 

e Complete low cost emulation 
support for the MAB8400 
microcomputer. 

e Manual or automatic single- 
stepping with disassembly. 


e Direct communication link 
(RS232) to a host system (for 
editing and assembling). 


e Complete access to ROM, RAM, 
registers and status bits. 


e Interrupt handling. 
e 1/0 exercising. 


e LED or CRT display of HEX 
code, source code, memory, 
registers and status. 


e Execution time measurements. 


e Built-in test strip for hardware 
development. 


e Built-in EPROM programmer. 


e Personality modules availabie for 
most popular micro-processors. 
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Aavance Information 


PM4300/4337 


APPLICATIONS 

The PM4300/4337 allows system de- 

signers to efficiently create and debug 

l2C system hardware and software. The 

I2C protocol allows for multiple masters 

to co-exist on a two-wire serial bus 

creating an efficient, cost-effective 

means for completely asynchronous se- 

rial communication between all control- 

lers and peripherals on a single two-wire 

bus. The PM4300/4337 can be used to 

develop IC system in such application 

as: 

e Feature phones 

@ Television controllers 

e Automative consoles 

@ Self-Aligning circulty 

e Control systems 

e Any system which can benefit 
from the hardware simplicity of 
the IC bus. 
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Signetics Linear Products Product Specification 


Transmission Interface with 
Loudspeaking Facility TEA1042 


GENERAL DESCRIPTION 


The TEA1042 is a bipolar integrated circuit performing all speech and line interface functions in 
electronic telephone sets. It is especially designed for handsfree loudspeaking equipment. 


Its features are: 


Supplied from telephone line current | 

Voltage regulator with adjustable d.c. voltage drop and d.c. resistance 

High and low-impedance handset microphone inputs 

High-impedance base microphone input 

Handset/base selection input 

Muting input for pulse or DTMF dialling 

Gain setting facility on all amplifiers 

Line current dependent gain control facility with corrections for the exchange supply voltage and 
its feeding bridge resistance 

Supply output for additional circuits. 


QUICK REFERENCE DATA 


Line voltage at l|jne = 15 MA Viine typ. 42V 
Line current operating range line 10 to 140 mA 
Telephone line impedance IZ\ine! nom. 600 22 
Supply current Icc typ. 1 mA 
Voltage gain, transmitting amplifier 

MIC1 input Avd typ. 44,1 dB 

MIC2 input Avd typ. 20 dB 

MIC3 input Avd typ. 20 dB 

DTMEF input Avd typ. 25,6 dB 
Voltage gain, receiving amplifier Avd typ. 27 dB 
Gain adjustment range 

transmitting amplifier AAvd typ. + 6 dB 

receiving amplifier AAvd typ. + 8 dB 
Range of gain control with line current, 

all amplifiers AAvd typ. 6 dB 
Exchange supply voltage range Vexch 24 to 60 V 
Exchange feeding bridge resistance Rexch 400 or 800 22 
Operating ambient temperature range Tamb —25 to +70 °C 


remem 


PACKAGE OUTLINE 
24-lead DIL; plastic (SOT-101A). 
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Loudspeaking Facility TEA1042 
Voc ——RX BRDG CX2 GAT1 GAT2 RCX 
21 14 15 13 2 3 22 


CURRENT ij nergy ee ce 
REFERENCE Z CURRENT 


i | 
ts > 
24 RA 
wes Loe > 
— 
ome 21s > 
1 -> 


5 
QTEL 


a 8 
QLSP 
INTERNAL 
REFERENCE 


7Z88489.1 6 4 9 7 23 
CX1 VEE GAL GAP GALN 


Fig. 1 Block diagram. The blocks marked dB are attenuators. The M and MUTE inputs operate 
analogue switches that activate or inhibit the inputs and outputs as required by their function. 
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Transmission Interface with _ | 
Loudspeaking Facility ——-‘TEA1042 


PINNING 
1 LN positive line terminal 


2 GAT1 gain adjustment; transmitting 


amplifier 

3  GAT2 = gain adjustment; transmitting 
amplifier 

4 VEE negative line terminal 

5 QTEL handset telephone output 

6 CX1 reference decoupling 

7 GAP gain adjustment; telephone 


amplifier 
8 QOLSP loudspeaker preamplifier output 


9 GAL _ gain adjustment; loudspeaker 
preamplifier 


TEA1042 


10 MIC1 low-impedance handset microphone input 
11 REF reference voltage 

12 IR receiving amplifier input 

13 CX2 external stabilizing capacitor 

14 RX external resistor 


15 BRDG selection input for gain control adaptation 
to feeding bridge impedance 


16 M mode (handset/base selection) input 
17 MUTE mute input 
18 MIC2 high-impedance handset microphone input 


19 MIC3 __ base microphone input 
71288486 20 DTMF_ dual-tone multi-frequency input 
21 Vcc _ positive supply 


Fig. 2 Pinning diagram. 22 RCX _ line voltage adjustment and voltage 
regulator decoupling 


23 GALN_ gain control with line current; 
all amplifiers 


24 RA d.c. resistance adjustment 
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Transmission Interface with 
Loudspeaking Facility TEA1042 


FUNCTIONAL DESCRIPTION 


The TEA1042 contains two receiving amplifiers, a transmitting amplifier, means to switch the inputs 
and the outputs, means to adjust the gain of all amplifiers individually, means to vary the gain with the 
line current and means to adjust the d.c. voltage drop and d.c. resistance. See the block diagram, Fig. 1. 


Supply: LN, Vcc, Veg, RA, CX1 and CX2 (pins 1, 21, 4, 24,6 and 13) 

The circuit is supplied from the line current, the arrangement is shown in Fig. 3. The circuit develops 
its own supply voltage at Vcc (pin 21). This supply voltage may also be used to supply an external 
circuit, e.g. a CMOS pulse or DTMF dialler or an electret microphone amplifier stage. The current 
available for this circuit depends on external components, see Fig. 4. 


All line current has to flow through the circuit. If the line current exceeds the current required by the 
circuit itself via Vcc (pin 21), i.e. about 1 mA, plus the current required by the peripheral circuits 
connected to this pin, then the excess current is diverted via LN, the positive line terminal (pin 1), 

to RA (d.c. resistance adjustment; pin 24). 


The minimum line voltage may be chosen by external resistor R5 and the variation with line current 
by external resistor R10. The circuit regulates the line voltage at Tamph = 25 OC to: 


+ 
Viine = VEN =e 0,62 + lhN x R10, 


LN being the current diverted via LN. 


A regulator decoupling capacitor has to be connected between RCX (pin 22) and Ver, the negative 
line terminal (pin 4), a smoothing capacitor has to be connected between Vcc (pin 21) and Veg, and 
a stabilizing capacitor between CX2 (pin 13)and Veg. Further a decoupling capacitor has to be 
connected between CX1 (reference decoupling; pin 6) and Ver (pin 4). 


The dynamic impedance that the circuit presents to the line in the speech band is determined primarily 
by resistor R1 connected between LN (pin 1) and Vcc (pin 21). 


Mode (handset/base selection) input M (pin 16) 


The mode input permits selection of operation via the handset or via the base. A HIGH level on the M 
input or an open circuit selects handset operation, i.e. it activates the microphone inputs MIC1 and 
MIC2 and the handset telephone output OTEL. A LOW level on M selects the base microphone input 
MIC3 and the loudspeaker preamplifier output OLSP. 


Microphone inputs MIC1, MIC2 and MIC3 (pins 10, 18 and 19) 


Handset and base may be equipped with a sensitive microphone, e.g. an electret microphone with pre- 
amplifier. This has to be connected to the MIC2 or MIC3 input respectively. The available gain from 
these inputs is typ. 20 dB. 


The handset may also be equipped with an insensitive low-impedance microphone, e.g. a dynamic or 
magnetic microphone. This has to be connected between MIC1 (pin 10) and (REF (pin 11). The available 
gain from this input is typ. 44,1 dB. 


Dual-tone multi-frequency input DTMF and mute input MUTE (pins 20 and 17) 


A HIGH level on the MUTE input inhibits all microphone inputs and the telephone and loudspeaker 
outputs QTEL and QLSP and enables the DTMF input, a LOW level does the reverse. Switching the 
MUTE input will not produce any clicks on the line or in the telephone or loudspeaker. The available 
gain from the DTMF input is typ. 25,6 dB. 
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Loudspeaking Facility — TEA1042 


Telephone output QTEL and loudspeaker preamplifier output QLSP (pins 5 and 8) 


As described before, the M input determines which of the outputs QTEL and QLSP will be 

activated. The receiving amplifier input IR (pin 12) is the input for both outputs. For both outputs the 
available gain is typ. 27 dB. The output QTEL is intended for telephone capsules with an impedance of 
150 £2 or more. The QLSP output is intended to drive a power amplifier. Its output impedance is less 
than 1 kQ. 


Gain adjustment: GAT1, GAT2, GAP and GAL (pins 2, 3, 7 and 9) 


The gain of the transmitting amplifier may be adjusted by an external resistor R2 connected between 
GAT1 and GAT2 (pins 2 and 3; see Fig. 9). This adjustment influences the sensitivity of the inputs 
MIC1, MIC2, MIC3 and DTMF to the same amount. The gain is proportional to R2 and inversely 
proportional to R10 and R12. 


The gain of the telephone amplifier may be adjusted by an external resistor R14 between GAP (pin 7) 
and CX1 (pin 6). The gain is proportional to R14 and inversely proportional to R12. 


The gain of the loudspeaker preamplifier may be adjusted by an external resistor R13 between GAL 
(pin 9) and CX1 (pin6). The gain is proportional to R13 and inversely proportional to R12. 


Gain control with line current: GALN (pin 23) 


The circuit offers a facility to automatically vary the gain of all its amplifiers with the line current. In 
this way the circuit compensates for differences in line attenuation. The variation is accomplished by 
connecting an external resistor R11 between GALN (pin 23) and Veg (pin 4). The value of this resistor 
should be chosen in accordance with the supply voltage of the exchange (see Figs 5 and 6). 


If no gain variation with line current is required the GALN connection may be left open. All amplifiers 
have their maximum gain then. 


Selection input for gain control adaptation to feeding bridge impedance: BRDG (pin 15) 


A LOW level at the BRDG input optimizes the gain control characteristics of the circuit for a 400 (2 
feeding bridge in the exchange, a HIGH level for 800 £2. 


Side tone suppression 


In the circuit diagram shown in Fig. 9 side tone suppression is obtained with components C2, R3, R4, 
R7 and R8. Their component values have to be chosen to suit the cable type used. This network 
attenuates the signal from the telephone line to the IR input of the receiving amplifier. This attenuation 
may be adjusted by choosing the value of R7 without affecting the side tone suppression. 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply current 


d.c. | | line max. 140 mA 
non-repetitive (t < 100 h) , Nine max. 250 mA 
Storage temperature range Tstg —40 to +125 °C 
Operating ambient temperature range , Tamb  —25 to +70 °C 
Junction temperature Tj max. 150 °C 
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Transmission Interface with 


Loudspeaking Facility TEA(042 
CHARACTERISTICS 
lline = 10 to 140 mA; f = 1000 Hz; Tampb = 25 OC, unless otherwise specified. 
parameter symbol min. typ. max. unit 
Supply; LN and V¢c (pins 1 and 21) 
Line voltage 
line = 15mMA Viine 4 4,2 4,4 V 
ine = 100 mA Viine ~~ _ 7,3 V 
Variation with temperature --AVine/AT 8 10 12 mvV/K 
Line current operating rage line 10 = 140 mA 
Supply current at Vcc = 2 V Icc — _ 1 mA 
Mode (handset/base selection) input M (pin 16) 
Input voltage 
HIGH level VIH 1 —_ Vcc V 
LOW level VIL 0 — 0,2 V 
Input current —116 — 8 20 LA 
Attenuation of non-selected signals —AAvyq 45 — — dB 


Low-impedance handset microphone input MIC1 and reference voltage pin REF (pins 10 and 11) 


Input impedance IZ40-111 He 3 = kQ 
Voltage gain, see Fig. 7 Avd 43,1 44,1 45,1 dB 
High-impedance handset microphone input MIC2 (pin 18) 
Input impedance IZ148.4| 40 48 — kQ 
Voltage gain, see Fig. 7 Avd 19 20 21 dB 
Base microphone input MIC3 (pin 19) 
Input impedance IZ49-4| 40 48 —~ kQ 
Voltage gain, see Fig. 7 Avd 19 20 21 dB 
DTMF input (pin 20) 
Input impedance |Z90.4| 10 15 ~ kQ 
Voltage gain, see Fig. 7 Avd 24,6 25,6 26,6 dB 
Gain adjustment pins; transmitting amplifier: GAT1 and GAT2 (pins 2 and 3) 
Gain adjustment range dB 
Gain variation with frequency, 

f = 300 to 4000 Hz she 


Gain variation with temperature at 
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CHARACTERISTICS (continued) 


parameter min. typ. max. unit 


Transmitting amplifier output LN (pin 1) 
Output voltage at I|jne= 15 MA; Rijne = 600 2;d=2%| VEN (rms) 


Psophometrically weighted* noise output 


MUTE input (pin 17) 
Input voltage 


HIGH level Vi 

LOW level — VIL 
Input current —147 
Attenuation of non-selected signals —AAvd 


Receiving amplifier input IR (pin 12) 
Input impedance iZ12-4l 


Telephone output QTEL (pin 5) 
Voltage gain at l}ing = 15 mA; 


Rioad = 150 22; R13 = 15 kQ; see Fig. 8 Avd 
Gain variation with frequency, 

f = 300 to 4000 Hz dAvd 
Gain variation with temperature at 

Maximum output voltage at Ijing = 15 mA; 

Rioad = 150 2; d = 2% VO (rms) 
Psophometrically weighted* noise output 


Gain adjustment pin; telephone amplifier: GAP (pin 7) 
Gain adjustment range AAvd 


Loudspeaker preamplifier output QLSP (pin 8) 
Voltage gain at ljing = 15 mA; 


Rioad = 10 kQ; R14 = 15 kQ; see Fig. 8 Avd 
Gain variation with frequency, 

f = 300 to 4000 Hz AAvd 
Gain variation with temperature AAvd 
Psophometrically weighted* noise output 

voltage at I|jne = 15 mA VO(rms) 
Output impedance IZg.4| 


Gain adjustment pin; loudspeaker preamplifier: GAL (pin 9) 
Gain adjustment range AAvd 
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CHARACTERISTICS (continued) 


parameter min. typ. max. unit 


Selection input for gain control adaptation to feeding bridge impedance BRDG (pin 15) 
Input voltage 


HIGH level VIH 1 — Vcc V 
LOW level VIL 0 — 0,2 V 
Input current —|15 _ 8 20 LA 
Gain control with line current pin GALN (pin 23) 
Gain control range AAvgd _ 6 _ dB 
Highest line current for maximum gain, 
R11 = 105 kQQ; 
BRDG = HIGH (Rexeh = 800 22) line 22,5 25 27,5 mA 
BRDG = LOW (Rexeh = 400 22) Hine 31,5 35 38,5 mA 
Lowest line current for minimum gain, 
R11 = 105 kQ; 
BRDG = HIGH (Rexeh = 800 &2) line 49,5 55 60,5 mA 
BRDG = LOW (Rexch = 400 22) line 81 90 99 mA 
* P63 curve. 
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Fig. 3 Supply arrangement. 


Tambo = Po °C 
3 RQ =20kQ 
R10 =2092 
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0 1 2 3 4° 
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Fig. 4 Maximum current Ip available from Vcc for external (peripheral) circuits. 
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Fig. 5 Gain variation with line current, with R11 as a parameter, and with the BRDG input HIGH, i.e. 
the circuit optimized for 800 92. The values chosen for R11 suit the usual values for the supply voltage 


of the exchange. The curves are valid for 0,5 mm twisted-pair cables with an attenuation of 1,2 dB/km 
and a d.c. resistance of 176 Q/km. 
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Fig. 6 Gain variation with line current, with R11 as a parameter, and with the BRDG input LOW, i.e. 
the circuit optimized for 400 2. The values chosen for R11 suit the usual values for the supply voltage 


of the exchange. The curves are valid for 0,5 mm twisted-pair cables with an attenuation of 1,2 dB/km 
and a d.c. resistance of 176 2/km. 
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Fig. 7 Test circuit for defining voltage gain of MIC1, MIC2, MIC3 and DTMF inputs. Gain is defined as: 
Avd = 20109 IVout/Vin|. For measuring the MIC1 or MIC2 input the M input should be HIGH and the MUTE 
input LOW, for measuring the MIC3 input M and MUTE should both be LOW and for measuring the DTMF 
input M and MUTE should be HIGH. Inputs not under test should be open. 
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Fig.8 Test circuit for defining voltage gain of OTEL and OLSP outputs. Gain is defined as: Ayg = 20 log |Voyt/Vin!- 


For measuring the QTEL output the M input should be HIGH and the MUTE input LOW, for measuring the 
QLSP output M and MUTE should both be LOW. 


lel 


x4 
Og 

| 
On 
Be 
“5 
= a, 
a3 
aD 
ole} 
=O 
zo 

= 

= 
—| 
rr 
3 
NO 


SIONPOld JOEU!] SOYOUBIS 


UOHOOYIOeds JONpOld 


G61 Jequia}deg 


06€-S 


TEA1042 C7 | 


telephone 
line 


ot 


RA GAT2 GAT1 GAP CX1 GAL GALN RX CX2 


7288496 


Fig. 9 Typical application of the TEA1042 in an electronic handsfree telephone set. The connections 
to the MIC1 and MIC2 inputs are alternatives. The connection to the BRDG input is not shown, see 
the Functional Description. The diagram does not show voice switches and associated control circuits 
required in a practical circuit for stable loudspeaking operation. 


APPLICATION INFORMATION SUPPLIED ON REQUEST 


Ajiy}oo4 Bupyoedspnoy 


UJIM SOOPSJuU] UO!Ss|WWSUDI] 


ZvOlWAL 


UOYDOWIoeds jonpoig 


SJONPOld JOSU!] SOeUBIS 


Signetics Linear Products Product Specification 


Transmission Interface with DIMF TEA1046 


This integrated circuit is a dual-tone multi-frequency (DTMF) generator and a speech transmission 
circuit on a single chip. It supplies frequency combinations in accordance with CCITT recommendations 
for use in push-button telephones. It can be operated with a single contact keyboard or via a direct 
interface with a microcomputer. |? L technology allows digital and analogue functions to be implement- 
ed on the same chip. 


The speech-transmission part incorporates microphone and telephone amplifiers, anti-sidetone and line 
adaption. The microphone inputs, suitable for different types of transducers, are symmetrical to allow 
long cable connections with good immunity against radio-frequency interferences. 


The logic inputs contain an interface circuit to guarantee well defined states and on and off resistance 
of the keyboard contacts. 


The circuit features: 

— stabilized DTMEF levels to be set externally 

— wide operating range of line current and temperature 
no individual DTMF level adjustments required 
microcomputer compatible logic inputs 

gain setting for microphone and receiver amplifiers 
internally generated electronic muting 

— low spreads on amplifier gains 

— low number of external components 


QUICK REFERENCE DATA 


Line voltage VE typ. 48 V 
Line current | IL 10 to 120 mA 
Adjustable dynamic resistance Rj 600 to 900 {2 
Microphone signal amplification Am typ. 50 dB 
Telephone signal amplification AT typ. 20 dB 
DTMF tone levels (adjustable) 

lower frequency VLG max. —6 dBm 

higher frequency VHG max. —4 dBm 
Operating temperature range Tamb ~—29to+85 °C 


PACKAGE OUTLINES 


TEA1046P : 24-lead DIL, plastic (SOT-101). 
TEA1046D: 24-lead DIL, ceramic (SOT-149). 
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Fig. 1 Functional block diagram. 
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PINNING 
1 VL positive line-voltage 
2 VN1 negative line-voltage 
2a] osc 3 VS voltage stabilizer filter 
4 Ti telephone amplifier input 
|23] COL4 . 
5 TO telephone amplifier output 
z)scous 6 i.c. internally connected 
[21] coL2 7 Zl impedance setting input 
20] COL1 8 AT anti-sidetone output 
rig] ROW! 9 F2 second filter 
TeelOne na] ths 10 F1 first filter 
| 11 VN2 negative line voltage 
Dore 12 VR reference voltage output 
[16] Rows 13. MIC1 microphone input (pos.) 
115} ROW4 14 MIC2 microphone input (neg.) 
114} MIC2 15 ROW4 — row input 941 Hz/BCD input 
3] mict 16 ROWS3 — row input 852 Hz/BCD input 


17. ROW2 — row input 770 Hz/BCD input 

18 TLS DTMEF level setting 

19 ROW1 — row input 697 Hz/BCD input 

Fig. 2 Pinning diagram. 20 COL1 — column input 1209 Hz/mute input 
21 COL2 ~ column input 1336 Hz/mute input 
22 COL3 ~— column input 1477 Hz/enable input 
23 COL4 ~— column input 1633 Hz/mute input 
24 OSC oscillator input 


7287300 


FUNCTIONAL DESCRIPTION 
Voltage regulator (Fig. 3) 


Different line lengths and feeding bridge resistances of the exchange cause a large line current range to 
supply this circuit. As all functions on this chip are working within a total current of 10 mA, the rest of 
the line current is shunted by the voltage regulator circuit. It regulates the voltage drop over the circuit 
on a nominal level of 4.8 V. 


The capacitor connected to input VS provides a low-pass filter function to avoid influence of the audio 
signals on the line. 


The static behaviour of the voltage regulator is expressed by: 
VE =Vot (IL — Ij) R13 

where Vo = 4.8 V at Tg = 25 °C and R13 =5 Q, Ij = 10 mA. 

The dynamic impedance of the regulator is equivalent to a resistor in series with a simulated inductor: 
Zr (w) = Reg + jwleg 


where Reg = R13 =5 & 
leq ~ 5 H (Cys = 68 uF). 
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TEA1046 


287299 
Cvs 6sur 778 


Fig. 3 Voltage regulator principle. 


By connecting a resistor parallel to R12 the d.c. level (V;_) can be decreased. A resistor parallel Cys 
increases the level (see Fig. 3). All this with respect to limited values. The shunt regulator contains a 
thyristor which short-circuits R12 for a short period during the switch-on time. This reduces the over- 
shoot voltage to only 1 V above the level set by the regulator. 


Active output stage 


The amplifier consists of a voltage to current converter with a class-A output stage. Because of the 
feedback from the line to the input the circuit acts as a dynamic resistance (Rg). This resistance can be 
adjusted by the external resistor R7; and the value can be found by: 


Ra = 8.93 x RZ, (2) 


The total dynamic resistance R; equals Ra parallel with the resistance Rp of all other circuits parts, 
which value is approximately 7 kQ. 

With RZ) = 75 2, Ra = 670 Qand Rj; = 610 Q. 

For R71 = 12082, Rg = 1070 2 and Rj = 900 2. 


Microphone amplifier 


Pins 13 and 14 respectively are the non-inverting and inverting inputs for the microphone. The purely 
symmetrical inputs are suitable for low ohmic dynamic or magnetic capsules. The input impedance 
equals 4 kQ. The voltage amplification from microphone input to pin 1 (VL) is 50 dB and if a lower 
gain is required the attenuation for a series resistor Ryys will be: | 


Am(Rms # 0) 4 sae 
VE 
OM 10M 


7289994.A 


Fig. 4 Symmetrical microphone connection. Resistor Rayp may be used to lower the microphone 
termination resistance. | 
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The microphone amplifier also has an excellent behaviour for connection of an electret microphone 
with built in FET-source follower. In this condition pin 14 is decoupled for a.c. and the amplifier is 
driven at pin 13. The input impedance in this asymmetrical mode is 22 kQ2. If attenuation of the 
amplification is required the value of RMA is given by: 


Am(Rma~ # 0) _ 22+ Rua 


See. Aiea 
Ayia@asOr 22etiRya | MAT 


“| 


A = 
™ | VMIC1 


7Z89994.A 


(b) 


Fig. 5 Electret microphone circuit. 


Telephone amplifier and anti-sidetone network 


This amplifier is a non-inverting fixed feedback amplifier with a class-A output stage. The gain is fixed 
and measures 20 dB from pin 4 (TI) to pin 5 (TO). The output is intended to drive capsules ZT of 
nom. 350 Q2. For Z7 smaller than 350 {2 the maximum output voltage swing is determined by the bias 
current of 3.5 mA and 27. For Z7 greater than 350 2 the maximum voltage swing is determined 
internally. The received line signal is attenuated by the anti-sidetone network and can be adjusted by 
RAT. The amplification from the line to the telephone output is given by: 


RAT ZT 


a aa Se Se ee Fig. 
Rap ze x 7-H (see Fig. 14) 


Ay = 10 


Zs is the impedance of the anti-sidetone network 
ZT is the capsule impedance 
Ro is the amplifier output resistance 


Optimum side-tone suppression is obtained as Zs (Ra1, Rag and Ca) equals 


Z, xR; 


oo SPR 


Z,_ = line terminating impedance 
Rj = output stage impedance // passive circuit impedance 
K = 237 


In the application of Fig. 14 the network is optimized for 5 km of twisted copper wire (60.5 mm) cable 
with a d.c. resistance of 176 02/km. The side-tone suppression in the range from 0 — 10 km is at least 
10 dB compared with the case when no compensation is applied. 
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Keyboard inputs 


Inputs for the logic control are compatible with different types of keyboard. Using a keyboard, tone 

combinations are generated: 

— by connecting one of row inputs to one of the column inputs by means of a single switch of the matrix. 

— or by applying a dual contact keyboard having its common row contact tied to ground and the 
common column contact tied to VR. 


An anti-bounce circuit eliminates the switch bounce for up to 2 ms. Two key roll-over is provided by 
blocking other inputs as soon as one key is pressed. Single tones can be generated if the column input is 
connected to VR or the row input to ground. The inputs for the keyboard connections can be used for 
direct connection to a microcomputer. If the column inputs are interconnected and made HIGH (= VR) 
the row inputs are changed to another mode, allowing the circuit to be driven by 4-bit data plus an 
enable signal. In this mode, it is also possible to connect a separate mute enable signal on inputs COL1, 
2 and 4 and a tone enable input on COL3. 


Truth table microcomputer mode 


| = pow | column | __column rones symbol mute 
2 ee a ee i: 


697/1209 
697/1336 
697/1477 
697/1633 
770/1209 
770/1336 
770/1477 
770/1633 
852/1209 
852/1336 
852/1477 
852/1633 
941/1209 
941/1336 
941/1477 
941/1633 


NO 
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MICRO- 
COMPUTER 
1/05 


COL2 
TEA1046 coL3; ee Neg 


COL1 COL4 
COL2 
COL3. 
COL4 


1/06 
LINE 
SIGNAL 


SPEECH DTMF SPEECH DTMF SPEECH 


(a) 
Fig. 6 Microcomputer mode. Fig. 7 Tone/speech waveform in circuit 
All column inputs interconnected. diagram Fig. 6. 


MICRO- 


COMPUTER TEA1046 COL3 / \ / \ 


LINE 
SIGNAL 


SPEECH DTMF SILENCE DTMF SIL. SPEECH 


7Z91000.A 
(b) 


Fig. 8 Microcomputer mode. Fig. 9 Tone/speech waveform in circuit 
Column inputs COL1, 2 and 3 diagram Fig. 8. 
interconnected. 
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Fig. 10 Waveform tones 697/1336 Hz (dialing number 2). 
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Dial tone generator 


The crystal oscillator frequency is twelve or nine times the clock frequency i.e. 4.782720 MHz or 

3.579 545MHz (mask option). The CCITT recommends that the tones should be within 1.5% of the 
specified frequencies. Many authorities however require a closer tolerance. The application using a 
crystal of 4.78 MHz gives a maximum dividing error of 0.11% whilst for an application with a 3.58 MHz 
crystal the error is 0.25% maximum. | | 


The output from the dividers for the higher and the lower frequency tones are symmetrical square-wave 
pulses which contain considerable odd-numbered harmonics. The lower order odd numbered harmonics 
(itth and less) are eliminated by synthesising the tone frequencies as crude stepped sinewave approxima- 
tions. Each half cycle of the tone waveform comprises seven discrete amplitudes for the higher frequency 
tone. Each amplitude increment is generated by switching on and off an individual current source for 

the duration of each step of the sinewave. The frequency of the tones is varied by changing the duration 
of each step. This circuit allows the connecting of two low-pass first order filters to pins 9 and 10 if 
CEPT 203 recommendations have to be achieved. 


The second filter is also used for filtering the microphone signal. If lower requirements for the distortion 
can be applied the filter at pin 10 can be deleted. In that case the filter at pin 9 must have a lower 
cut-off frequency (1800 Hz) to achieve a correct pre-emphasis since the roll -off of the filters is 
compensated internally. 7 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply current 7 Ip max. 150 mA 
Surge current (tp < 250 us) Is max. 850 mA 
Operating ambient temperature range Tamb —25 to +85 9C 
Storage temperature range Tstg —55 to +125 °C 
Junction temperature Tj max. 150 °C 


CHARACTERISTICS 
Tamb = 25 °C; I = 15 mA, unless otherwise specified. See also Fig. 11. 


Supply 
Line voltage d.c. 

ll = 15mA 

lL = 50mA 

I, = 100 mA 
Temperature coefficient 


Line current range 


Stabilized voltage (pin 3) 
IL = 15mA 
IL =100mA 


Reference voltage (pin 12) 
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Microphone 
Input resistance (symmetrical) 4 _ kQ 
Input resistance (asymmetrical) 22 — kQ 
Voltage amplification 

f = 800 Hz; Ry = 600 2 50 52 dB 
Temperature coefficient 

I = 50 mA; Tamb = —5 to +45 OC t.b.f. dB 
Common mode rejection ratio — — dB 
Distortion at Vj; =3 dBm 2 _ % 
Noise output voltage p 

Z,. = 600 82; psophometrically weighted 

(P53 curve) —70 — dBmp 
Amplification reduction 

during dialling 70 _ dB 
Anti-sidetone 
Voltage amplification, microphone to 

anti-sidetone output (Rat = 3.9 kQ) 25.8 _ dB 
Transmitter output stage 
Dynamic resistance setting range — 900 92 
Variation over line current 

Rj = 600 Q 100 ~ Q 
Balance return loss from 300 up to 3400 Hz 

at 600 2 (R77; = 75 2, Cy = 10 nF) — — dB 

at 900 2 (Rz; = 120 2, Cy = 30 nF) — — dB 
Telephone amplifier 
Voltage amplification 

Ry = 350 2 20 22 dB 
Amplification variation 

f = 300 to 3400 Hz 0 — dB 
Amplification variation 

= —5 to +45 OC 0 — dB 

Output voltage swing (dy = 10%) 1300 — mV 
Output impedance 5 10 Q 
Input impedance 100 _ kQ 
Output distortion 

level < —7 dBV 2 — % 
Output noise voltage psophometrically 

weighted (P53 curve) — 500 uv 
Bias current 3.0 4 mA 
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CHARACTERISTICS (continued) 


DTMF generator 


Tone frequencies 
low tones (row inputs) 697, 770, 852, 941 
high tones (column inputs) 1209, 1336, 1477, 1633 
Dividing error 
crystal frequency = 4.78 MHz —0.04 +0.11 
crystal frequency = 3.58 MHz —0.25 —0.05 
Tone output level 
| >10mA 
lower tones 
higher tones 
Tone output level 
| >12mA 
lower tones 
higher tones 


Tolerance on output level 
over temp. and current range 


Pre-emphasis higher tones 
over temp. and current range 


Tone delay 
after key actuation 


Switch delay time speech/mute 
after key release 


Switch bounce elimination 


Keyboard inputs 
Contact off resistance 
Contact on resistance 


Lower frequency inputs (ROW1, 2, 3, 4) 
voltage LOW 
voltage HIGH 
current (d.c.) at Viz 
current (d.c.) at Vip 


Higher frequency inputs (COL1, 2, 3, 4) 
voltage LOW 
voltage HIGH 
current (d.c.) at Vy, 
current (d.c.) at Vip 
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Fig. 11 Test circuit for measuring amplifier voltage gains and frequencies and levels of DT MF generator. 
X = 3.58 or 4.78 MHz. 
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Fig. 12 DTMF level selection. The curve is valid for a dynamic impedance of 600 Q (Rz, = 75 £2). 


Some values: 


VL 


VL 
5K logic 
5K logic ROW; 
COL; 
VN VN 


7287298 7287297 


) 


(a) (b) 


Fig. 13 Configuration inputs. (a) ROW1, 2, 3 and 4. (b) COL1, 2, 3 and 4. 
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Fig. 14 Application diagram TEA1046 using dynamic transducers, Ris, Rat, Rz; and Rtis 
determined by transducers and system requirements. 
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GENERAL DESCRIPTION 


The TEA1060 and TEA1061 are bipolar integrated circuits performing all speech and line inter- 
face functions required in fully electronic telephone sets. The circuits internally perform electronic 
switching between dialling and speech. | 


Features 


Voltage regulator with adjustable static resistance 

Provides supply for external circuitry 

Symmetrical low-impedance inputs for dynamic and magnetic microphones (TEA1060) 
Symmetrical high-impedance inputs for piezoelectric microphone (TEA1061) 
Asymmetrical high-impedance input for electret microphone (TEA1061) 
DTME signal input 

Mute input for pulse or DTMF dialling 

Power down input for pulse dial or register recall 

Receiving amplifier for magnetic, dynamic or piezoelectric earpieces 

Large amplification setting range on all amplifiers 

Line loss compensation facility, line current dependent 

Gain control adaptable to exchange supply 


QUICK REFERENCE DATA 


Line voitage at Ijjne = 15 mA VLN typ. 4,35 V 
Line current operating range Nine 10 to 140 mA 
Supply current 

power down input LOW Icc typ. 1 mA 

power down input HIGH Icc typ. 50 vA 
Voltage amplification range microphone amplifier 

TEA1060 Avd 44 to 60 dB 

TEA1061 Avd 30 to 46 dB 

receiving amplifier Avd 17 to 39 dB 
Amplification control range AAvd typ. 6 dB 
Exchange supply voltage range Vexch 24 to 60V 
Exchange feeding bridge resistance range Rexch 400 to 1000 92 
Operating ambient temperature range Tamb —25 to +75 °C 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT-102A). 
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TEA1060 
TEA1061 


SUPPLY AND 
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VEE REG AGC STAB 


Product Specification 


TEA1060/ 61 


GAS 1 


7Z86758.1 SLPE 


Fig. 1 Block diagram. The blocks marked ‘‘dB” are attenuators. The block marked (1) is only present 


in the TEA1061. 
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PINNING 
1 LN positive line terminal 
2 GAS1 gain adjustment; transmitting 


amplifier 

3  GAS2 gain adjustment; transmitting 
amplifier 

4 QR-— _ inverting output; receiving amplifier 


5 QR+ non-inverting output, receiving amplifier 


6 GAR | gain adjustment; receiving 
amplifier 


TEA1060 


TEA1061 7 MIC— inverting microphone input 
8 MIC+ non-inverting microphone input 
9 STAB current stabilizer 

10 VEE _ negative line terminal 

11. IR receiving amplifier input 


12 PD power-down input 
pone 13. DTMF dual-tone multi-frequency input 
: ee : 14 MUTE mute input 
Fig. 2 Pinning diagram. ics 
15 Vcc positive supply decoupling 
16 REG _ voltage regulator decoupling 
17. AGC automatic gain control input 


18 SLPE_ slope (d.c. resistance) adjustment 


FUNCTIONAL DESCRIPTION 
Supply: Voc, LN, SLPE, REG and STAB 


The circuit and its peripheral circuits usually are supplied from the telephone line. The circuit develops 
its own supply voltage at Vcc and regulates its voltage drop. The supply voltage Vcc may also be used 
to supply external peripheral circuits, e.g. dialling and control circuits. 


The supply has to be decoupled by connecting a smoothing capacitor between Vcc and Veg; the 
internal voltage regulator has to be decoupled by a capacitor from REG to Veg. An internal current 
stabilizer is set by a resistor of 3,6 k2. between STAB and V_eg. 


The d.c. current flowing into the set is determined by the exchange supply voltage Vexch, the feeding 
bridge resistance Rex¢h, the d.c. resistance of the subscriber line Rjjne and the d.c. voltage on the 
subscriber set (see Fig. 3). a _ oa 


If the line current l\jne@ exceeds the current Icc + 0,5 mA required by the circuit itself (I¢¢ ~ 1 mA), 
plus the current ly required by the peripheral circuits connected to Vcc, then the voltage regulator 
diverts the excess current via LN. 


The voltage regulator adjusts the average voltage on LN to: 
VN = Vref + ISLPE x R9 = Vref + (line — !cc — 0,5.10° — Ip) x R9. 


Vref being an internally generated temperature compensated reference voltage of 4,1 V and RQ being an 
external resistor connected between SLPE and Veg. Under normalconditions Is; pe => Icc + 0,5 mA + Ip. 
The static behaviour of the circuit then equals a 4,1 V voltage regulator diode with an internal resistance 
RQ. In the audio-frequency range the dynamic impedance equals R1. 
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FUNCTIONAL DESCRIPTION (continued) 


The current | p available from Vcc for supplying peripheral circuits depends on external components, 
and on the line current. Figure 4 shows this current for Voc = 3 V min., this being the minimum supply 
voltage for most CMOS circuits including a diode voltage drop for an enable diode. If MUTE is LOW the 
available current is further reduced when the receiving amplifier is driven. 


Microphone inputs MIC+ and MIC— and gain adjustment pins GAS1 and GAS2 
The TEA1060 and TEA1061 have symmetrical microphone inputs. _ 


The TEA1060 is intended for low-sensitivity, low-impedance dynamic or magnetic microphones. Its 
input impedance is 2 x 4 kQ and its voltage amplification is typ. 52 dB. 


The TEA1061 is intended for a piezoelectric microphone or an electret microphone with built-in FET 
source follower. Its input impedance is 2 x 20 kQ and its voltage amplification is typ. 38 dB. 


The arrangements with the microphone types mentioned are shown in Fig. 5. 


The amplification of the microphone amplifier in both types can be adjusted over a range of + 8 dB to 
suit the sensitivity of the transducer used. The amplification is proportional to external resistor R7 
connected between GAS1 and GAS2. 


An external capacitor C6 of 100 pF between GAS1 and SLPE is required to ensure stability. A larger 
value may be chosen to obtain a first-order low-pass filter. The cut-off frequency corresponds with the 
time constant R7 x C6. 


Mute input MUTE 


A HIGH level at MUTE enables the DTMF input and inhibits the microphone inputs and the receiving 
amplifier, a LOW level or an open circuit does the reverse. Switching the mute input will cause negligible 
clicks at the telephone outputs and on the line. 


Dual-tone multi-frequency input DTMF 


When the DTMF input is enabled, dialling tones may be sent onto the line. The voltage amplification 
from DTMF to LN is typ. 26 dB and varies with R7 in the same way as the amplification of the 
microphone amplifier. The signalling tones can be heard in the earpiece at a low level (confidence tone). 


Receiving amplifier: IR, OR +, OR— and GAR 


The receiving amplifier has one input |R and two complementary outputs, a non-inverting output QR + 
and an inverting output QR—. These outputs may be used for single-ended or for differential drive, 
depending on the sensitivity and type of earpiece used (see Fig. 6). Amplification from IR to OR + is 
typ. 25 dB. This will be sufficient for low-impedance magnetic or dynamic earpieces; these are suited 
for single-ended drive. By using both outputs (differential drive) the amplification is increased by 6 dB. 
This makes differential drive possible, which is required for high-impedance dynamic, magnetic and 
piezoelectric earpieces with load impedances exceeding 450 ©. 


The output voltage of the receiving amplifier is specified for continuous-wave drive. The maximum 
output voltage will be higher under speech conditions, where the ratio of peak and r.m.s. value is higher. 


The amplification of the receiving amplifier can be adjusted over a range of + 8 dB to suit the 
sensitivity of the transducer used. The amplification is proportional to external resistor R4 connected 
from GAR to OR +. 


Two external capacitors C4 = 100 pF and C7 = 10 x C4 = 1 nF are necessary to ensure stability. A 
larger value of C4 may be chosen to obtain a first-order, low-pass filter. The ‘cut-off’ frequency 
corresponds with the time constant R4 x C4. 
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Automatic gain control input AGC 


Automatic line loss compensation will be obtained by connecting a resistor R6 from AGC to Veg. 
This automatic gain control varies the amplification of the microphone amplifier and the receiving 
amplifier in accordance with the d.c. line current. The control range is 6 dB. This corresponds with a 
line length of 5 km for a0,5 mm diameter copper twisted-pair cable with a d.c. resistance of 176 Q2/km 
and an average attenuation of 1,2 dB/km. 


Resistor R6 should be chosen in accordance with the exchange supply voltage and its feeding bridge 
resistance (see Fig. 7 and Table 1). Different values of R6 give the same ratio of line currents for begin 
and end of the control range. 


If automatic line loss compensation is not required AGC may be left open. The amplifiers then all give 
their maximum amplification as specified. 


Power-down input PD 


During pulse dialling or register recall (timed loop break) the telephone line is interrupted, as a conse- 
quence it provides no supply for the transmission circuit. These gaps have to be bridged by the charge 
in the smoothing capacitor C1. The requirements on this capacitor are relaxed by applying a HIGH 
level to the PD input, which reduces the supply current from typ. 1 mA to typ. 50 WA. 


A HIGH level at PD further disconnects the capacitor at REG, with the effect that the circuit's 
impedance equals a 4,1 V voltage regulator diode with an internal resistance equal to R9. This results 
in rectangular current waveforms in pulse dialling and register recall. 


When this facility is not required PD may be left open. 


Side-tone suppression 


Suppression of the transmitted signal in the earpiece is obtained by the anti-side-tone network consisting 
of R2, R3, R8 and Zpa) (see Fig. 10). Maximum compensation is obtained when Zp,)/k equals the line 
impedance Zjjne as seen by the set (scale factor k = Re/R}4). 


In practice Z)jne varies strongly with line length and cable type; consequently an average value has to 
be chosen for Zpaj. The suppression further depends on the accuracy with which Zpa)/k equals the 
average line impedance. 


The anti-side-tone network attenuates the signal from the line. With R8 = 390 Q and R9 = 20Q the 
attenuation is 32 dB. The attenuation is nearly flat over the audio-frequency range. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Positive line voltage VEN max. 13,2 V 
Line current 
average line(AV) Max. 140 mA 
non-repetitive (tm,ax = 100 hours) lline(S) max. 250 mA 
non-repetitive peak (tma, = 1 ms) line(SM) max. 1A 
Voltage on all other pins V max. Vcc t+ 0,7 V 
—V max. 0,7 V 
Total power dissipation Prot max. 640 mW 
Storage temperature range T stg —40 to +125 °C 
Operating ambient temperature range Tamb —25 to +15: 9C 


CHARACTERISTICS 
line = 10 to 140 mA; Veg = 0 V; f = 800 Hz; Tamb = 25 OC; unless otherwise specified. 


Supply: LN and Vcc (pins 1 and 15) 


Voltage drop over circuit 
at line = 5 mA 


at I|ine = 100 mA 
Variation with temperature at I|jng = 15 MA 


Supply current 
at Vcc = 2,8 V; PD = LOW 


at Vcc = 2,8 V; PD = HIGH 


Microphone inputs MIC+ and MIC— 


Input impedance 
TEA1060 


TEA1061 
Standard deviation on input impedance 
Common-mode rejection ratio; TEA1060 


Voltage amplification at 
line = 15 mA; R7 = 68 kQQl 
TEA1060 


TEA1061 


Variation with frequency 
at f = 300 to 3400 Hz 


Variation with temperature at 
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Dual-tone multi-frequency input DTMF 


Input impedance 


Standard deviation on input impedance 


Voltage amplification 


Variation with frequency 
at f = 300 to 3400 Hz 


Variation with temperature at 
Nine = 90 MA; Tamb = --25 to + 75 OC 


AAyg/Af 


AAyg/AT 


Gain adjustment pins GAS1 and GAS2 


Amplification variation with R7, 
transmitting amplifier 


Transmitting amplifier output LN 


Output voitage at l}ing = 15 mA; 
dtot = 2% 

Noise output voltage 
at line = 15 MA; R7 = 68 kQ; 
psophometrically weighted (P53 curve) 


VLN(rms) 
VELN(rms) 


Vno(rms) 


Receiving amplifier input IR 


Input impedance IZjs| 


Receiving amplifier outputs QR + and QR— 


Output impedance; single-ended IZgs| 


Voltage amplification 
at line = 15 mA; R4 = 100 kQ; 
single-ended; Ry = 300 2 
differential; Ry = 600 2 
Variation with frequency, 
at f = 300 to 3400 Hz 
Variation with temperature at 
Output voltage at I, = 0; dtot = 2%; sine-wave drive 
single-ended; Ry = 150 2 
single-ended; R,_ = 450 2 
differential; C) = 47 nF + Ry = 100 22; f = 3400 Hz 
‘Noise output voltage 
at line = 15 MA; R4 = 100 kQ; 
psophometrically weighted (P53 curve) 
single-ended; Ry = 300 2 
differential; Ry = 600 2 


Avd 
Avd 


AAyg/Af 


AAyg/AT 


Vo(rms) 
Voi(rms) 
Vo(rms) 


Vno(rms) 
Vno(rms) 
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CHARACTERISTICS (continued) 
parameter 


Gain adjustment pin GAR 


Amplification variation with R4, 
receiving amplifier 


MUTE input 


Input voltage 
HIGH 


LOW 
Input current 


Reduction of voltage amplification from 
MiC+ and MIC—to LN at MUTE = HIGH 


Voltage amplification from DTMF to QR + or QR— 
at MUTE = HIGH; single-ended load; 


R, =3002 


Power-down input PD 


Input voltage 
HIGH 


LOW 
Input current 


Automatic gain control input AGC 
Amplification control range 


Highest line current for maximum 
amplification at R6 = 110 kQ 


fowest line current for minimum’ 
amplification at R6 = 110 kQQ 
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Rline tine R1 
aa ss | 
| 
Y'p 
TEA1060 | 
Rexch TEA1061 | 


ay peripheral 
circuits 


poeta 
7286754,.2 
Fig. 3 Supply arrangement. 

7Z286750.1 

1,5 
line = 15 MA 

] 
p R1 =6202 


(mA) 
20 2 


0 1 2 3 Vec (V) 4 


Product Specification 


TEA1060/ 61 


Fig. 4 Maximum current |, available from Vcc for external (peripheral) circuitry with Vec23V. 


Curve ‘‘a 


“‘a’’ is valid when the receiving amplifier is not driven or when MUTE = HIGH, curve ‘’b”’ is valid 


when MUTE = LOW and the receiving amplifier is driven, Vo(rms) = 150 mV, Ry = 160 &2. 
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: MIC+ 
7) mic- 


(a) (b) (c) 


Fig. 5 Alternative microphone arrangements. (a) magnetic or dynamic microphone, TEA1060. The 
resistor marked (1) may be connected to lower the terminating impedance. (b) electret microphone, 


TEA1061. (c) piezoelectric microphone, TEA1061. 


(1) | 
or+ 2 oR+ 2 or+ +2 : 
ar—|4 | 
Ver (2 on {4 pre 
7286747.1 
(a) (b) 


(c) (d) 


Fig. 6 Alternative receiver arrangements. (a) dynamic telephone with less than 450 {2 impedance. 
(b) dynamic telephone with more than 450 Q impedance. (c) magnetic telephone with more than 
450 2 impedance. The resistor marked (1) may be connected to obtain an appropriate acoustic 

frequency characteristic. (d) piezoelectric telephone. The resistor marked (2) is required to increase 


the phase margin. 


5-413 


September 1985 


Signetics Linear Products | | | _ Product Specification 


Telephone Transmission Circuit with Dialer Interface TEA1060/ 61 


ae (7286749.1 
= co 


R9=202 


0 20 40 60 80 100 ~-~—s«*120 140 
Hine (MA) 


Fig. 7 Variation of amplification with line current, with R6 as a parameter. 


Table 1. Values of resistor R6 for optimum line loss compensation, for various usual values par exchange 
supply voltage Vaxeph and exchange feeding bridge resistance Rexch- 


Rexch (S) 


| 400 | 600 | 800 | 1000 
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Nine 


Vo 
-_ TEAIO81 
* TEA1061 
C1 100 uF - = 10 to 140mA 
+ 
10 pF &= 
© 
Vie 
GAS2 
AGC STAB SLPE 
10 16 17 9 18 
+ R5 RO 
c3 ch [Re | 3 eee 
4,7 uF kQ 
7Z286755.2 


Fig. 8 Test circuit for defining voltage amplification of MIC +, MIC— and DTMF inputs. Voltage ampli- 
fication is defined as: Ayg = 20 log [V,/Vj]. For measuring the amplification from MIC+ and MIC— the 
MUTE input should be LOW or open, for measuring the DTMF input MUTE should be HIGH. Inputs 


not under test should be open. 


R1 line 
Pao 
6202 
+ 
15 1 — 100 nF 
11 4 fl 6002 
Vv 10 uF 5 
Q Ra | ca 
100 
TEA1060 kQ 100 pF 
+ 13 
C1 = 100pF TEA1061 | ee = 10 to 140mA 
2 
14 
| R7 
12 3 C6 


PD GAS2 


STAB SLPE 


EE REG AGC 
10 16 17 9 18 
| i 
R5 
+ j 
c3 4 | Re : 3,6 i Og 
4,7 uF kQ Lj 20 


7286756.2 
Fig. 9 Test circuit for defining voltage amplification of the receiving amplifier. Voltage amplification 
is defined as: Ayg = 20 log |V,/Vjl. 
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C4 
100 pF 


6 control circuits 


telephone %) (w) 


line Bzwi4 
(2x) 
MIC— 


SLPE 


GAS 1 


72Z86757.2 


Fig. 10 Typical application of the TEA1060 or TEA1061, shown here with a piezoelectric earpiece and 
DTMF dialling. The bridge to the left, the zener diode and R10 limit the current into the circuit and the 
voltage across the circuit during line transients. Pulse dialling or register recall require a different protection 
arrangement. 
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APPLICATION INFORMATION (continued) 


cradle 
contact 


TEA1060 
TEA1061 


DTMF 
DIALLER 


telephone 


line 7286751.1 


cradle 
contact 


PCD 3320 
FAMILY 


TEA1060 
TEA1061 


telephone 
line 
7Z286752.1 


(b) 


cradle 
contact TEA1060 


TEA1061 


telephone 
line 


7Z86753.1 


(c) 


Fig. 11 Typical applications of the TEA1060 or TEA1061 (simplified). 


(a) DTMF set with a CMOS DTMF dialling circuit. The dashed lines show an optional flash (register 
recall by timed loop break). 

(b) Pulse dial set with one of the PCD3320 family of CMOS interrupted current-loop dialling circuits. 

(c) Dual-standard (pulse and DTMF) feature phone with the PCD3340 CMOS telephone controller and 
the PCD3312 CMOS DTMF generator with |? C bus. 
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DESCRIPTION 

The TEA1067 is a low-voltage bipolar 
integrated circuit performing all speech 
and line interface functions required in 
fully electronic telephone sets. The 
TEA1067 operates down to 2.0V which 
facilitates the use of telephone sets in 
parallel operation. Electronic switching 
between dialing and speech is per- 
formed by internal circuitry. Other speci- 
fications similar to TEA1060/61. 
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Advance Information 


TEA1067 


FEATURES 

@ Low DC line voltage; operates 
down to 2V excluding polarity 
guard. 


e Minimum instantaneous line 
voltage 0.9V excluding polarity 
guard. 

e Voltage regular with adjustable 
static resistance. 


e Provides supply with limited 
current for external circuitry. 

e Symmetrical high-impedance 
inputs (64kohm) for dynamic, 
magnetic or piezoelectric 
microphones. 

e Asymmetrical high-impedance 
input (32kohm) for electret 
microphone. 

e DTMF signal input. 

© Mute input for pulse or DTMF 
dialing. 

e Power down input for pulse dial 
or register recall. 

e Receiving amplifier for magnetic, 
dynamic or piezoelectric 
earpieces. 

e Large amplification setting range 
on microphone and earpiece 
amplifiers. 

e Line loss compensation facility, 
line current dependent. 

e Gain control adaptable to 
exchange supply. 

e Possibility to adjust the DC line 
voltage. 


APPLICATIONS 
e Telephone handsets requiring low 
operating voltage. 
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APPLICATIONS DIAGRAM 


- FROM 
DIAL 
TEA 1067 AND 
CONTROL 
CIRCUITS 


Rya(16-18) 
MIC-  satete h i abetete | 
t 
SLPE 'GAS1 GAS2! REG AGC STAB 


AFO1601S 


Typical application of the TEA1067, shown here with a piezoelectric earpiece and DTMF dialing. The bridge to the left, the zener diode, and R10 limit the current into and the voltage 
across the circuit during line transients. Pulse dialing, or register recall, require a different protection arrangement. 


By means of resistor Rya (16-18) the DC line voltage can be set to a higher value. 
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DTMF Generator for Telephone Dialing TEA1075 


This integrated circuit is a dual tone multi-frequency (DTMF) generator with line interface for use in 
push button telephone sets containing an electronic speech circuit or a conventional hybrid transformer. 
The IC contains a mute switch handling the full line current, which allows two-wire connection between 
dial and speech parts. The logic inputs can be operated with a single contact keyboard or via a direct 
interface with a microcomputer. |?L technology allows digital and analogue functions to be implemented 
on the same chip. The line interface incorporates a filter amplifier, an output stage and a voltage 
stabilizer all of which are switched off when the speech circuit is connected to the line. The tone 
generator is supplied by a temperature compensated current stabilizer and is be driven by a 3,58 MHz 
crystal. | 


The logic inputs contain an interface circuit to guarantee well-defined states of the keyboard. 


Features: | 

two wire connection between dial and speech parts allowed 
wide operating line current and temperature range 
operating voltage down to 1,7 V 

no individual tone level adjustment required 

few external components required 

all mute functions on chip 

common inputs for keyboard and microcomputer 
temperature and line current independent signal levels 
all pins protected against electrostatic discharges 
on-chip output stage and line regulator 

single tone generation possibility 


QUICK REFERENCE DATA 


Operating voltage Vi typ. 3,3 V 


Line current range i" 10 to 120 mA 
DTME levels (adjustable) 
low frequency VIG —11 to —6 dBm 
high frequency VHG —9 to —4 dBm 
Pre-emphasis VHG-VLG max. 2 dB 
Operating temperature range Tamb —25 to +70 °C 


PACKAGE OUTLINE 
TEA1075P: 18-lead DIL, plastic (SOT-102HE). 
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TEA1075 


72Z87748.1 


mopnymMmMaAa- 


Fig. 2 Pin designation. 
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DTMF Generator for Telephone Dialing 


OUT PUT 


STAGE 


PINNING 

1 VN 

2 Fo 

3 ROW2 

4 ROW3 

5 MUTE 

6 Z| 

7 ROW4 

8 ROW1 

9 Fy 

10 DAC 

11 NS 

12 OSC 

13 COL1 

14 COL2 

15 COL4 

16 COL3 

17 Vs 

18 VE 
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TEA1075 


7Z287749.1 


negative line voltage 

filter output 

row input 770 Hz/BCD input 

row input 852 Hz/BCD input 
mute switch 

impedance setting terminal 

row input 941 Hz/BCD input 

row input 697 Hz/BCD input 
filter input 

DTME level setting 

noise suppression input 

oscillator input 

column input 1209 Hz/mute input 
column input 1336 Hz/mute input 
column input 1633 Hz/mute input 
column input 1477 Hz/enable input 
voltage stabilizer filter 

positive line voltage 
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FUNCTIONAL DESCRIPTION 


Voltage regulator | . 

The voltage regulator switches on as a keyboard button is pressed, It regulates the voltage drop across 

the IC to a nominal level of 3,3 V, shunting excess line current to maintain a working current of 8 mA 
within the chip. The voltage regulator is switching to a higher voltage level when the keyboard switch 

is released, 


The capacitor connected to input Vs provides a low-pass filter function to avoid influence of audio 
signals on the line. For a short period during switch-on time the capacitor is directly connected to the 
line to reduce overshoot voltages to only 1 V above the voltage set by the regulator. 


In order to adapt the nominal d.c. level to the level as set by the speech circuit, a resistor can be 
connected either between V,_ and Vs or between Vy and Vs. This will decrease or increase the level 
respectively. During the time the device is in the stand-by mode the voltage stabilizer circuit will 
conduct again as the d.c. line voltage set by the speech part achieves 6,0 V. Part of the line current 
then will flow through this stabilizer. 


Active output stage 

The transmitter amplifier consists of a voltage to current convertor with a class-A output stage. The 
circuit acts as a dynamic resistance (Rj) because of the feedback from the line to the input. This 
impedance can be set by output Z, at pin 6: 

Ra = 900 22 if pin 6 is left open 

Ra = 600 Q if pin 6 is connected to Vy (pin 1). 

The impedance is extremely high as long as no key is depressed (stand-by mode). 


Speech muting 

Figure 3 shows the connection of the dial circuit with a speech circuit TEA1060/61. All mute functions 
are performed by internal switches, Pressing any keyboard push button switches the TEA1075 to 
operating mode and isolates the speech circuit from the line. 


The line adaption then is taken over by the dial circuit which causes: 

@ line voltage to be set by the voltage regulator TEA1075 

® impedance to be set by the active output stage TEA1075 

@ audio output stage to be connected to the line for DTMF tone transmission. 


During the stand-by mode (no key pressed) the voltage on the line is set by the speech circuit. The 
minimum d.c. operating voltage of the dial circuit for guaranteed detection of push button operation on 
the keyboard is 2,5 V. The impedance is approximately 10 kQ and the current consumption 2 mA. 
The stand-by current is used for the logic part as well as driving current for the internal mute switch 


which can switch the full line current available. 
TEA1075 TEA1060 
- TEA1061 


line 


7Z87747.1 


Fig. 3 Muting system. 
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FUNCTIONAL DESCRIPTION (continued) 


OSC and DTMF generator 

The crystal oscillator frequency (3,579 545 MHz) is divided by a factor of nine to give the clock 
frequency. A maximum division error of 0,31% is achieved in the TEA1075; CCITT recommendations 
are that tones should be within 1,5% of the specified frequencies. 

A bias resistor of 1 to 4,7 MQ. must be connected between the oscillator input and Vp. An external 
frequency generator can be connected instead of a crystal (see Fig. 5). 


V 
18 Lig 
TEA1075 fl TEA1075 
7Z87746.1 7287745.1 
Fig. 4 Quartz crystal oscillator. Fig. 5 External frequency generator. 


The output from the dividers for the higher and the lower frequency tones are symmetrical square-wave 
pulses which contain considerable odd-numbered harmonics. The lower order odd-numbered harmonics 
(11th and less) are eliminated by synthesising the tone frequencies as crude stepped sinewave approxi- 
mations. Each half cycle of the tone waveform comprises seven discrete amplitudes for the lower 
frequency tone and nine for the higher frequency tone. Each amplitude increment is generated by 
switching on and off an individual current source for the duration of each step of the sine wave. 

The frequency of the tones is varied by changing the duration of each step. This circuit allows the 
connection of a first or second order filter, depending on the distortion requirements (see filter and 


DTFM level). 
freq. deviation real 
Hz % Hz 


Deviation of ROW and COLUMN frequencies 


freq. deviation real 
Hz % Hz 


697 695,33 1205,23 
767,81 1334,66 
849,84 1473,06 


938,04 1630,03 


Filter and DTMF level 
The output current from the DAC causes a voltage drop across RT, at pin 10. At this point the 


signal path is broken to allow insertion of filter components in series with the amplifier input at pin 9. 
The output of this amplifier is brought out to pin 2 to allow connection of filter components in 

the feedback path to provide additional attenuation of the higher-order odd harmonics of the tone 
frequencies. 


The output amplitude of the tones is directly proportional to the value of Rt,s and can therefore be 
adjusted to meet specific requirements. Fig. 6 shows the output level as function of Rt_s and Rg = 600 &2. 
If Rg = 900 22 Rts must be devided by 1,25. 
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tone level 
(dBm) 7290945 


Jk 
400 
eS 
An | 
sc ee Se nae (el eee (a eae a 
| 

3 ae ee nm hme = ae 
pm aes Uae (ee (ea eal ee ee ek 
9 = 
> as Da Ce DB 
: a ee ee ee ee ee ae ee ee ae ae ee 
7 a a ce He a a se ee ee ab 


2 Rois (ks) 


Fig. 6 DTMF level selection. 


When Rt _s is selected for the required tone level, Cr; can be calculated to avoid too much influence 
of the filter characteristic on the pre-emphasis parameter, the time constant for a single pole filter is: 


RTLs °* Cry = 26 us (see Fig. 16). 
If higher attenuation is required a second-order filter can be applied. The time constant for such is: 
RTLs °CFo = Res ° Cry = 46 us (see Fig. 15). 


Keyboard inputs 
Inputs for the logic control are compatible with different types of keyboards. Using a keyboard, tone 
combinations are generated: 


— by connecting one of row inputs to one of the column inputs by means of a single switch of the 
matrix 

— or by applying a dual contact keyboard having its common row contact tied to Vj\y and the common 
column contact via 68 kQ to V_. 


Single tones can be generated by connecting a row input to Vy (pin 1) or one of the column inputs a 
68 kQ resistor to V, (pin 18). 


An anti-bounce circuit eliminates switch bounce. 


VL 
VL 


logic 


5k2 logic ROW, 
COL; 
7287298 xN FISETH - VN 
Fig. 7 Configuration of column inputs. | Fig. 8 Configuration of row inputs. 


Microcomputer mode , 
The inputs for the keyboard connections can be used for direct connection to a microcomputer. ‘If the 
column inputs are interconnected and made ‘HIGH’ (> 1 V or log = 30 pA) the row inputs are 

changed to another mode, allowing the circuit to be driven by 4-bit data plus an enable signal. In this 
mode, it is possible to connect a separate mute enable signal on inputs COL1, 2 and 4 and a tone 

enable input on COLS. 
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FUNCTIONAL DESCRIPTION (continued) 
Truth table microcomputer mode 


697/1209 
697/1336 
697/1477 
697/1633 
770/1209 
770/1336 
770/1477 
770/1633 
852/1209 
852/1336 
852/1477 
852/1633 
941/1209 
941/1336 
941/1477 
941/1633 


H 
X 
H 
H 
H 
H 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 


ib hf 2b. ae oe ee SS Se a Se ee ee 
fo Set bh ee oe eo a 
Pe Ler LeeLee ee ec eS 
eo ck aa Gh ak ge. oe Oe a CE. 2. Se a Ee 
UHTtO *FTOOONDOOA PWN H— | 


* Mute “‘‘on’’ = switch open. 


ROW4 | | 
| | 
COL3 | 


| 
coun2e ff 
| 


| 
ae 


| | | 
LINE | | 
SIGNAL ! 
| | 
SPEECH DTMF SIL. SPEECH 


7287296 


Fig. 9 Waveform tones 697/1336 Hz (dialling number 2). 
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ROW2, 
or 
ROW4 
COL1 
cOL2 
MICRO— SS a ee eee 
TEA1075 and 
COMPUTER COL4 
LINE 
SIGNAL 
SPEECH DTMF SPEECH DTMF SPEECH 
Fig. 10 Microcomputer mode. Fig. 11 Tone/speech waveform 
All column inputs interconnected. in circuit diagram Fig. 10. 
ROW1, 
ROW2, 
or 
1/01 ROW1 ROW4 
non i : ae sneer: Te 
lea ee tk 
1/04 ROW4 cOL4 
MICRO- 
7 meron = cus 
COL2 
ENABLE im 
1/06 a COL3 LINE 
COL4 SIGNAL 
SPEECH DTMF SILENCE DTMF SIL. SPEECH 
7Z91000A 


Fig. 12 Microcomputer mode. 
Column inputs COL1, 2 and 4 
interconnected. 


RATINGS 


Fig. 13 Tone/speech waveform 
in circuit diagram Fig. 12. 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply current 

Surge current (th < 250 us) 
Operating ambient temperature range 
Storage temperature range 

Voltage on any pin 

Line voltage 

Power dissipation 
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Ip max. 150 mA 
Is max. 1000 mA 
Tamb —25to +70 °C 
T stg —55 to + 125 °C 
V\ (Vpy—0,3) to (V;_ +0,3) V 

VL-N max. 10 V 

Prot max. 750 mW 
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TEA1075 


CHARACTERISTICS 


Tamb = 25 °C; I. = 15 mA; f = 1 kHz; unless otherwise specified. See also Fig. 14. 


[descinon ——SSSSSS*diC vb | in |v | me] nit 


Supply 
Line voltage d.c. (operating mode) 
lL = 15mA 
IL =.50mA 
ly = 120 mA 
Line voltage d.c. (stand-by mode) 
Temperature coefficient 
Line current range 
Transmitter output stage 
Dynamic resistance setting range 
pin6open | 
pin 6 connected to Vy 
Variation over line current 
R; = 600 2 
Gain | 
Balance return loss from 300 up to 3400 Hz 


at 600 2 
at 900 2 (C,_ = 30 nF) 


Total harmonic distortion with respect 
to total output level (second-order filter) 


DTMF generator 
Tone frequencies 
low tones (row inputs) 
high tones (column inputs) 
Dividing error 
crystal frequency = 3,579545 MHz 
Tone output level (adjustable) 
1 >10mA | 
lower tones 
higher tones 
IL >12mA 
lower tones 
higher tones » 


Tolerance on output level 
over temp. and current range 


_Pre-emphasis higher tones/lower tones 
over temp. and current range 


Tone delay 
after key actuation 


Switch bounce elimination 
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Mute 
Mute output sink current (no key pressed) 


eC 


IMSS | = mA 
VMT (sat) 


Saturation voltage (I)js = 75 mA) 


Maximum voltage 
(voltage set by speech part) 


Stand-by current (V; = 4,5 V) 


Switch delay 
after key release 


VMT 
ISTB 


Resistance 


Keyboard inputs (microcomputer inputs) 
Contact off resistance 
Contact on resistance 
Lower frequency inputs (ROW1, 2, 3, 4) 
voltage LOW 
voltage HIGH 
current (d.c.) at Vj, dial mode 
Higher frequency inputs (COL1, 2, 3, 4) 
voltage LOW 
voltage HIGH 
current (d.c.) at Vjj4 dial mode 


F=) Vig (2V) 
~--- ROW1 tas 
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o> 
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Fig. 14 Test circuit measuring amplifier {| {| ____- ee 
voltage gain (AT_) frequencies and tone 
output levels of the generator 
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Fig. 15 Application diagram TEA1075 using a second-order filter for low harmonic distortion (CEPT T/CS 34-08). Dial and speech functions are 
complete separated, so line adaption is done either by TEA1075 or TEA1060. The diagram shows a complete DTMF telephone set including 
protection. Both circuits are set to an impedance of 600 (2. 
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The diagram shows a complete DTMF set including protection. 


Fig. 16 Application diagram TEA1075 using a single pole filter. 


* CeT connected only if confidence tone is desired. 
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Supply IC for Telephone Set Peripherals TEA1080 
DESCRIPTION FEATURES PIN CONFIGURATION 
The TEA1080 is a bipolar integrated e High input impedance for audio 
circuit intended for use in line powered signals 
telephone sets to supply peripheral cir- e High output current TS eR 
cuits for extended dialing and or loud-  ¢ | arqe audio sianal handlin 
speaking facilities. The IC uses a part of eat 9 distorti 9 9 -se 
the surplus of the line current sinked ow orstormen eae 
normally in the voltage regulator of the © Two modes of operation: 5 J IF 
applied speech/transmission circuit. ~ Regulated output voltage FOr view 
- Constant DC voltage drop in 0013708 
series with a resistor between Par gee eee 
line and output terminal Negative line terminal 
Output amplifier decoupling 
e Low number of external Regulator decoupling 
Ow pass filter in 
components Out voltige eaieinent 
Supply output terminal 
Terminal for external 
series resistance 
APPLICATIONS DIAGRAM 
vi oR Yo 


i 
' 
! 
‘. 
on 
' 
! 
i 
t 
' 
SPEECH/ . { 
TRANSMISSION -~-a PERIPHERAL 


CIRCUIT CIRCUIT(S) 


AF01590S 


REFERENCE DATA 


LIMITS 
PARAMETER SYMBOL UNIT 
| min | tye | Max | 


Line voltage, V, 
DC output voltage, Vo 
DC voltage drop, V;—-Vo 


Series resistance, R, 
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Explanation of Terms 
Data Slicing: : The process of extracting digital data from an incoming, non-TTL signal. 
Full Field Teletext: In this mode, teletext information is transmitted over, virtually, all available TV lines. 
Gearing: Since only 32 data characters can be transmitted during one TV line period and 40 characters 


need to be displayed, a gearing function needs to be implemented. 


Ghost Rows: These are the rows that are specified by the ''row address field" of the "page header"’ but do not 
get displayed. These are rows 24 to 31. Sometimes referred to as "extension packets,'' these 
rows carry miscellaneous control information (page extension for telesoftware, linked pages, 
higher display level,.... etc.) 


NABTS: | North American Broadcast Teletext Specifications. Note that this is not a standard. This document 
specifies both the acquisition protocol and the display format. The display format is NAPLPS. 

NAPLPS: North American Presentation Level Protocol Syntax. Again this is not a display standard. It applies 
to both teletext and videotex services. 

Page Header: This is equivalent to row 0. Carry control information about this page. 

SRM: Service Reference Model of NAPLPS. It is a skeleton NAPLPS, specifying a low level type display 


in order to allow for easy implementation (256H x 200H pixels). 


Teletext: One way broadcast of digital information. The digital information is injected in the broadcast TV 
signal: VBI, or full field. The transmission medium could be satellite, cable, .... etc. 


The display medium is a regular TV receiver. 


VBI: Vertical Blanking Interval —- the time it takes the beam to flyback to the top of the screen in order to 
retrace the opposite field (odd or even). VBI is in the order of 20 TV lines. Teletext information is 
transmitted over 4 of these lines (lines 14-17). 


Videotex: A two-way interactive system through which the user can communicate with a large, organized and 
secure, data base through a telephone line using the TV as the display medium. 


WST: World System Teletext. WST is based on the U.K. teletext standard in which a one-to-one 
correspondence exists between transmitted characters, page memory, word addresses, and the 
display screen character locations. The block diagram depicts the 5-chip set WST decoder. Over 
98% of the world's teletext decoders are WST compatible. 
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GENERAL DESCRIPTION 


The SAA5025D is a MOS N-channel integrated circuit which performs the timing functions for a Tele- 
text system. It provides the necessary timing signals to extract data from a memory and produce a 
display according to the USA 525 line television standard (system M). 

The SAA5025D may be used in conjunction with the SAA5030 (Teletext video processor; VIP) the 
SAA5050 (Teletext character generator; TROM), the SAA5040B (Teletext acquisition control; TAC) 
and the SAA5045 (Gearing and Address Logic Array; GALA). 


Features 


® Designed to operate with USA 525 line television standard (system M) 
@® For 24 row (8 TV lines per row) x 40 character display 

@ Big character select input for double height characters 

@ Composite sync signal output for display time-base synchronization 


F6 
4 pew 
SAA5025D 6: LOSE 
CBB 
DECODE at we 
BiG LOGIC 2B 
7 22 GLRD 
T/B CHARACTER ae 
LOGIC ea GLR 
v L cn 
AHS 
RAM ROW ADDRESS aa! cA 
DECODE LOGIC 
N, OUTPUT 
OUTPUT BUFFERS BUFFER 
[27 Yoo Y25 You Y23 i; 21 Y28 
Ag A, Ap Az Aq HIE TLC BCS ~~ RACK DE 7287766 


Fig. 1 Block diagram. 


PACKAGE OUTLINE 
28-lead DIL; plastic (SOT-117D). 
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Teletext Timing Chain for USA 525 Line System — c 7 SAAS025D 
PINNING 
RACK | 1 Vss ground 
, F6 6,0419 MHz clock input 
: 3 TRE 6,0419 MHz clock output 
Ay 4 Fl 1,007 MHz clock output 
- 5 AHS after hours sync output 
2 6 DE display enable input 
Ay 7 FLR fast line reset input 
8 GLRD general line reset delay output 
44 9 GLR general line reset output 
T/B 10 GLRS general line reset starting output 
SAA5025D eo 11. PL phase lock open drain output 
eee 12 CBB colour burst blanking output 
HIE 13. FS field (picture) sync input 
14 CRS character rounding select output 
}19| TLC 15 Vpp positive supply (+ 5 V) 
DEN 16 LOSE load output shift register enable output 
17. DEW data entry window output 
DEW 18 DEN display enable output (negative-going) 
Ose 19 TLC transmitted large characters input 
20 HIE high impedance enable input 
Vpb 21 BCS big character select input 
a 22 T/B top/bottom select input 
Fig. 2 Pinning diagram oo: 4G 
; 24 A3 
25 A2 memory row address outputs (3-state) 
26 Ay 
27 Ag 


28 RACK read address clock output 


FUNCTIONAL DESCRIPTION 


The basic input to the SAB5025D is a 6,0419 MHz clock signal (e.g. from SAA5030). The clock input 
(F6) is buffered and also available as an output at TR6 to provide a dot rate clock. The signal at F6 is 
divided by 6 to produce the 1,007 MHz character rate clock at output F1, which is in turn divided by 
64 to produce the line period of 63,556 us. A divide-by-262 or 263 counter, clocked at line rate, 
produces a field (picture) period of 16,683 ms (average) i.e. 33,366 ms for divide-by-525. The display 
format is 40 characters per row for 24 rows (1 row is 8 TV lines). 

A big character select (BSC) input is provided and it enables double-height characters (16 TV lines per 
row) to be displayed. The top or bottom select (T/B) input must be used in conjunction with BCS to 
select either the top half or bottom half of the page to be displayed on the television screen. 

A composite sync (AHS) output is available for synchronizing the display timebase. A high-impedance 
enable (HIE) input is included to switch the read address clock (RACK) and the memory row address 
(Ag to Aq) outputs into their high-impedance states. 


HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
“Handling MOS Devices’’). 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


or min. 
| Seca eer booth fae NE os Ct ns ah ih BE dete 


Supply voltage range Vpp 
Input voltage range (note 1) Vi 
High-impedance state output voltage VOHZ 
Open drain output voltage VODD 


Electrostatic charge protection 
on all inputs and outputs (notes 2 and 3) 


Total power dissipation per package Prot 
Operating ambient temperature range Tamb 
Storage temperature range T stg 


Notes to ratings 


1. See also characteristics on F6 input and Fig. 10. 

2. Equivalent to discharging a 250 pF capacitor through a 1 k&2 series resistor. 
3. N.B.: the SAA5025D is not protected against TV tube flash-over. 

4. All outputs are TTL compatible. 
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CHARACTERISTICS 
Tamb = 25 °C; F6 input frequency = 6,041957 MHz; unless otherwise specified 


parameter 


Supply | 
Supply voltage 


Supply current 


Inputs 
‘Input leakage currents 
F6 


erence 


FLR, TLC, FS, HIE, BCS, 
T/B, DE 


Input capacitance; all inputs 
HIGH level input voltages 
F6; see Fig. 10 
FLR, TLC,FS, HIE, BCS, 
T/B, DE 
LOW level input voltage 
all inputs; see Fig. 10 
Input rise and fall time 
F6; see Fig. 6 


Input F6 duty factor 
(see Fig. 10) 


* These values give no noise immunity. 


September 1985 5-436 


Signetics Linear Products Product Specification 


Teletext Timing Chain for USA 525 Line System SAAS025D 


parameter VpD symbol min. typ. max. unit 


Outputs 

Output node capacitance 5 Co 
all outputs 

Output leakage current 
high-impedance state; 0 to +1lo 
Ag to Aq, RACK 5,5 

Output leakage current 6 lo 


open drain; PL, CBB 


Output TR6 6,041957 MHz clock 


HIGH level output voltage 5 VOH 
—lQnH = 100 vA 

LOW level output voltage 5 VOL 
lo_ = 100 uA 

Output load capacitance 5 CL 

Output rise and fall times 5 tr: tf 
see Fig. 7 

Duty factor at 1,5 V level 5 6 


depends on input F6 
see F6 data and Fig. 10 


Output F1 1,007 MHz clock 


HIGH level output voltage 5 VOH 
—loOyH = 100 vA 

LOW level output voltage 5 VOL 
lop = 400 vA 

Output load capacitance | 5 Cy 

Output rise and fall times | 5 tr; ty 
see Fig. 7 | 

Propagation delays from rising 5 tPHL: 
edge of TR6; see Fig. 8; tPLH 
H!IGH-to-LOW and LOW-to-HIGH 

Duty factor at 1,5 V level 5 6 
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CHARACTERISTICS (continued) 


Output AHS see Fig. 6 


HIGH level output voltage 
—loH = 200 pA 


LOW level output voltage 
lol = 1,6 mA 


Output load capacitance 


Output rise and fall times 
see Fig. 7 


Propagation delay from rising 
edge of F1; see Fig. 8; 
LOW-to-HIGH 


EAR 


Outputs GLR, GLRD, GLRS 
see Fig. 3 


HIGH level output voltage 
—loyH = 100 nA 


LOW level output voltage 
lo, = 0,8 mA 


Output load capacitance 


Output rise and fall times 
see Fig. 7 


Propagation delay from rising 
edge of F1; see Fig. 8; © 
HIGH-to-LOW and LOW-to-HIGH 


Output PL see Fig. 3 


LOW level output voltage 
lol =2mA 


Output load capacitance 


Output fall time; see Fig. 7 


Propagation delay from rising 
edge of F1; see Fig. 8; 
LOW-to-HIGH 
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parameter 


Output CBB see Fig. 3 


LOW level output voltage 
loL =2mA 


Output load capacitance 
Output fall time; see Fig. 7 


Propagation delay from rising 
edge of F1; see Fig. 8; 
LOW-to-HIGH 


Output CRS 


HIGH level output voltage 
—lQH = 100 vA 


LOW level output voltage 
lot = 100 vA 


Output load capacitance 


Output rise and fal! times 
see Fig. 7 


Output LOSE see Fig. 3 


HIGH level output voltage 
—lOH = 100 uA 


LOW level output voltage 
Io, = 100 vA 


Output load capacitance 
Output rise and fall times; see Fig. 7 
Propagation delay from rising 


edge of F1; see Fig. 8; 
H!IGH-to-LOW and LOW-to-HIGH 
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CHARACTERISTICS (continued) 


ee ee eee 
V 


Output DEN 


HIGH level output voltage 
—loy = 200 vA 


LOW level output voltage 
lo, = 100 nA 


Output load capacitance 


‘Output rise and fall times 


Propagation delay from rising 
edge of F1; 
HIGH-to-LOW and LOW-to-HIGH 


Output DEW see Fig. 4 


HIGH level output voltage 
-loy = 200 vA 


LOW level output voltage 
lol = 1,6 mA 


Output load capacitance 


Output rise and fall times 


Propagation delay from rising 
edge of CBB; see Fig. 8; 
HIGH-to-LOW and LOW-to-HIGH 
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parameter Vpp symbol min. typ. max. | unit 
V 
Outputs Ag to Aq 
see Fig. 4 
HIGH level output voltage 5 
—lOoH = 100 uA 
LOW level output voltage 5 
loL = 1,6 mA 
Output load capacitance 5 
Output rise and fall times 5 
Propagation delay from falling 5 


edge of CBB; see Fig. 8; 
HIGH-to-LOW and LOW-to-HIGH 
Propagation delay from rising 5 


edge of HIE to high-impedance 
state; see Fig. 9 


Propagation delay from falling 5 
edge of HIE to normal active 
state; see Fig. 9 


Output RACK see Figs 3 and 4 


HIGH level output voltage 5 
—lIoyH = 100 uA 

LOW level output voltage 5 
lol = 1,6mA 

Output load capacitance 5 

Output rise and fall times 5 
see Fig. 7 

Propagation delay from falling 5 
edge of F 1; see Fig. 8; 
H!IGH-to-LOW 

Propagation delay from rising 5 


edge of HIE to high-impedance 
state; see Fig. 9 


Propagation delay from falling 5 
edge of HIE to normal active 
state; see Fig. 9 
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| | | 
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PU eee ee ee ee 
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| | I 
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| | ' 
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3,94 ie 496 BS 
Gig = Se 
5,96 ns 6,95 us 
GURS 
3.97 us 7,94 ps 


DEN 


] 
13 1/5 x F1 56 '/> x Fl 7Z87762.1 


Fig. 3 Timing diagram showing the line-rate signals. 
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Fig. 4 Timing diagram showing the decoded signals from the field (picture) counters. 
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Fig. 5 Timing diagram showing the field-rate signals. 
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Fig.6 After hours sync waveforms. 
L = line sync pulses (4,2 to 5,1 us) 

E = equalizing pulses (2,29 ws + 10%) 
B = broad pulses (26,4 to 28 us) 
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PUSH-PULL 


OUTPUTS oe 
(1) ee 
> <—_ —> <—_. 
ty ty 
5,5V 
OPEN DRAIN 
OUTPUTS 
(2) iy 
cS aaa 7287768 


(1) These outputs will be tested with simulated TTL loads and with the load 
resistors adjusted such that the correct current conditions are obtained. 


(2) These outputs will be tested with 3 kQ resistors to the +6 V line for 


outputs PL and CBB. 


Fig. 7 Definition of the rise and fall times for the output stages. 
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Fig. 8 Definition of the propagation delays for the output stages. 
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Fig. 9 Definitions of the high-impedance state propagation delay times. 


5-445 


Product Specification 


SAAS025D 


September 1985 


Signetics Linear Products Product Specification 


Teletext Timing Chain for USA 525 Line System SAA5025D 


(pin 6) F6 F6 (pin 2) 


SAA5030 SAA5025D 


(pin 4) GND Vgg (pin 1) 


2,7 V 
F6 
INPUT 1,5V 
(SAA5025D) 

0) 

—0,4V 
—pP- t i 
f r 7Z87771.1 


Fig. 10 Recommended 6 MHz interface circuitry between the SAA5025D and the SAA5030 (input F6). 
With this circuitry the F6 input will be set to a level of approximately —0,4 V in the LOW state. This is 
acceptable as the internal clamping diode in the F6 input of the SAA5025D provides an adequate cur- 
rent clamp; also shown is the F6 input waveform with the appropriate definitions. 


t 
The duty factor is defined as: P_ x 100% 
ty + th 
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APPLICATION INFORMATION 
The function is described against the corresponding pin number. 


1. 


2: 


10. 


Vss -- ground (0 V) 


F6 — 6,041957 MHz clock input 


Obtained from video processor (SAA5030) or other source. The permissible mark/space ratio is in 
the range from 56:44 to 40:60 (see also Fig. 10). 


TR6 — 6,041957 MHz clock output 
Dot-rate clock for Teletext character generator SAA5050 series. 


F1 --- 1,007 MHz clock output 
Character-rate clock for Teletext character generator SAA5050 series. 


AHS — after hours sync output 


A composite sync waveform consisting of a successive sequence of line sync pulses (LSP) followed 
by six equalizing pulses (EP), six broad pulses (BP) and six equalizing pulses (EP), and is followed by 
another sequence of LSP. This composite sync waveform occurs at the end and beginning of each 
field/picture (see also Fig. 6). 


DE -- display enable input 


A LOW level signal from the Teletext acquisition and control circuit (SAA5040 series) to this input 
switches output DEN to the LOW state. 


FLR -- fast line reset input 


This is the input for a positive-going pulse with a duration of 0,5 us to 63 ws which resets the line 
rate counter (+ 64). 

After accepting an FLR pulse, further resets are inhibited for one line period of approximately 
63,5 us. 


GLRD — general line reset delay output 


A negative-going pulse with a duration of 993 ns which commences 5,96 us from the start of each 
line (see also Fig. 3). 


GLR — general line reset output 


A negative-going pulse with a duration of 993 ns which commences 3,97 us from the start of each 
line (see also Fig. 3). 


GLRS -- general line reset starting output 


A negative-going pulse with starting 3,97 us and ending 7,94 us from the start of each line (see 
also Fig. 3). 
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APPLICATION INFORMATION (continued) 


11. PL -- phase lock open drain output 


This open drain output is used to lock the oscillator in the SAA5030 to the line rate. It is a 
negative-going pulse with a duration of 3,96 us which starts at 61,58 us on one line and it ends 
at 1,98 us after the start of the following line (see also Fig. 3). 


12. CBB — colour burst blanking output 


This open-drain output blanks the colour burst in the SAA5030. It is a 7,94 us negative-going pulse 
which starts at the beginning of each line (t = 0; see also Fig. 3). 


13. FS — field (picture) sync input 


This input accepts a positive-going pulse of approximately 160 us duration. Its leading edge occurs 
during the second half of line one on even fields (half picture) and correspondingly in odd fields 
(other half picture). It is ignored during the odd field. 


14. CRS — character rounding select output 


The output signal starts HIGH during the even field (lines 1 to 263), goes LOW after the 1st LOSE 
pulse, again HIGH after the 2nd LOSE pulse, then LOW after the 6th LOSE pulse and finally 
HIGH at the end of the 7th LOSE pulse. This sequence repeats every 8 lines (every row) for the 
entire display period (see also Fig. 5). For the odd field (lines 264 to 525) CRS starts HIGH, goes 
LOW after the 2nd LOSE pulse, again HIGH after the 5th LOSE pulse, then LOW after the 7th 
LOSE pulse and finally HIGH at the end of the 8th LOSE pulse. This sequence repeats every 

8 lines (every row) for the entire display period (see also Fig. 5). 


15. Vpp — positive supply (+ 5 V) 


16. LOSE — load output shift register enable output 


This is a positive-going output pulse of 39,72 us duration commencing 13,41 us from start of line 
valid during line 47 to 238 inclusive, for the even field. A step-pulse starting at the count of 3 
characterrate clock pulses (F1) after the 2nd and 7th LOSE pulses and of the count of 3 character- 
rate clock pulses repeated every row is included. For the odd field, the LOSE pulse is preceded 

by a pre-pulse of 7 us duration commencing 7,41 us in line 20 and has a step-pulse after the 5th 
and 8th pulse, repeated every row (see also Fig. 5). 


17. DEW — data entry window output 


This output defines the period during which data may be extracted from the incoming television 
signal. It is HIGH during line 7 to 18 inclusive for the even fields and line 270 to 281 inclusive 
for the odd fields. The positive-going pulse has a duration of 762,67 us and commences at 6,95 us 
from the start of the line (see also Fig. 4). 


18. DEN — display enable output 


The output pulse is positive-going at 13,5 us from the start of a line to 56,5 us and is active during 
line 47 to 238 inclusive if the DE input is HIGH. If the DE input is LOW, the DEN is held in the 
LOW state. 


September 1985 5-448 


Signetics Linear Products 


Teletext Timing Chain for USA 525 Line System 


19. 


20. 


21. 


22. 


TLC — transmitted large characters input 


When this input is LOW, it enables rows of double-height characters to be displayed as required. 
Large characters descend into the next memory row address location. TLC is always HIGH 
(i.e. small) for the first line of a row, even if it contains large characters. 


HIE — high impedance enable input 


When this input is in the HIGH state it will force the RACK and memory row address output into 
the high-impedance state. For normal Teletext operation this input should be connected to the 
DEW output (pin 17). 


BCS -- big character select input 


For normal size character display this input signal must be HIGH while a LOW gives double-height 
characters. 


T/B -- top/bottom select input 


When both BCS and T/B are LOW the top half of a page is displayed with double-height characters. 
If T/B is HIGH and BCS is LOW the bottom half of the page is displayed also with double-height 
characters. 


23 to 27. Ag to Aq — memory row address outputs (3-state) 


28. 


These binary count outputs sequencing from 00000 (count 0) to address 10111 (count 23) for the 
40 x 24 format. 

The binary count changes every 8 TV lines per row in the display period of line 47 to 238 inclusive 
for the 24 row display. The count changes between 6,5 us and 9,0 us during the line period. 


RACK — read address clock output 


This is the read address clock output to the SAA5045 (GALA) column address counter during the 
display period. It consists of 39 positive pulses at the 1,007 MHz rate starting at 13,57 us from the 
start of the line period with the last negative edge occuring at 51,8 ys. This sequence is active on 
line 45 to 238 inclusive. RACK is delayed by two F1 clock periods for the whole of the field when 
input DE is LOW for the whole of line 39. On line 19 to 44 inclusive output RACK is permanently 
delayed by two F1 clock periods, unaffected by DE. 


Note 


In the big character top mode the memory row address count is 0 to 11 and in the big character bottom 
mode the count is 12 to 23. | 
Each big character row is equal to 16 television lines. 


The memory row addresses are held LOW for one line period starting 6,5 us to 9 us from the beginning 
of line 36 which is only valid in the big character bottom mode. 


For additional information 
consult the Applications Section. 
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The SAA5030 is a monolithic bipolar integrated circuit used for teletext video processing. It is one of 
a package of four circuits to be used in teletext tv data systems. The SAA5030 extracts data and data 
clock information from the television composite video signal and feeds this to the Acquisition and 
Control circuit SAA5040. A 6 MHz crystal controlled phase locked oscillator is incorporated which 
drives the Timing Chain circuit SAA5020. An adaptive sync separator is also provided which derives 
line and field sync pulses from the input video in order to synchronise the timing chain. 


QUICK REFERENCE DATA 


Supply voltage Vcc nom. 12 V 
Supply current (Vcc = 12 V) icc typ. 110 mA 
Video input amplitude (sync-white) V16video(p-p) nom. 2.4 Vv 
Teletext data input amplitude ~ V16teletext(p-p) nom. 1.1 V 
Sync amplitude V16sync(p-p) nom. 0.7 V 
Operating ambient temperature range Tamb —20 to +70 oC 
to SAA5040 
data clock 
@ 


() 
g ges OO 


REGENERATOR 


ADAPTIVE 
DATA SLICER 


U1 
video ~ SIGNAL 
input PRESENCE 
DETECTOR = 
{ ) 
ADAPTIVE PHASE 6MHz CLOCK : ote 
SYNC SEPARATOR DETECTOR OSCILLATOR I 
ae 
sync from 6 MHz clock 
SAA5020 to SAA5020 M81—1163/1/B 
(SAA5025) (SAA5025) 


Fig.1 Block diagram 


PACKAGE OUTLINE : 
24-lead DIL; plastic (SOT—101A with internal heat spreader). 
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to signal presence time TCSP 
constant components 


line reset time constant TCLR 


fast line reset output FLR 


ground (OV) GND 


sandcastle input PL/CBB 


6MHz output F6 


to phase detector time 


TCPD 
constant components 
input F 
6MHz crystal input F61 
oscillator 
output F6Q 


picture on input PO 


after hours sync input AHS 


sync output to tv SYNQ 


SAA5030 


19] 
18 
16 
15 
14 


Fig.2 Pinning diagram 
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C2S peak detector capacitor pin 


C1S peak detector capacitor pin 


CCLK to clock pulse timing capacitor 


LCLK clock regenerating coil 
CA clock phase capacitor 
DATA data output 

F7 clock output 

Vec +12V supply 

Vi composite video input 

CSS to sync separator capacitor 


FSST field sync separator timing 


FS field sync output 


M81~—1163/2 /A 
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RATINGS Limiting values in accordance with the Absolute Maximum System. (IEC134) 


Voltages 

Supply voltage V7.4 Vcc max. 13.2 V 

Input voltages V5.4 3 V\ max. : 9.0 V 
V10-4 V\ max. VCC V 
V41-4 Vy max. 7.5 V 

Temperatures 

Storage temperature range Tstg —20 to +125 oC 

Operating ambient temperature range Tamb —20 to +70 OC 


CHARACTERISTICS (At Tamb = 29 OC, Vec = 12 V and with external components as shown in Fig.3 
unless otherwise stated). 


min. typ. max. 

Supply voltage | Vcc 10.8 12.0 13.2 V 
Supply current (Vcc = 12.0 V) lcc — 110 — mA 
Video input and sync separator 
Video input amplitude (sync to white) Fig.4 V16video(p-p) 2.0 1.4 3.0 V 
Source impedance, f = 100 kHz | Z,| — — 250 2 
Sync amplitude Vi6sync(p-p) ‘9.07 0.7 1.0 V 
Delay through sync separator tg — 0.5 — us 
Delay between field sync datum at pin 12 

and the leading edge of separated field 

sync at pin 13 (Note 1, Fig.4) tq 32 48 62 us 
Field sync output 
Vo (LOW) (143 = 20 pA) VOL — — 05 V 
Vo (HIGH) (—143 = 100 uA) Vou 7; 2. Vy 
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Crystal controlled phase-locked oscillator 
Measured using a crystal with the following specification e.g. catalogue number 4322 143 03241 


C, = 27.5 fF (typ.) 
Co= 6.8 pF (typ.) 
Cy = 20 pF 


Trimability (C, increased to30pF) > 750 Hz 
Fundamental ESR ee 50 2 


fF6 — 6.0 - MHz 
Holding range 1.5 3.0 — kHz 
Catching range 1.5 3.0 _ kHz 


Control sensitivity of phase 
detector measured as voltage 
at pin 7 with respect to phase 
difference between separated 
syncs and phase lock pulse PL — 0.3 — mV /ns 


Frequency 


Control sensitivity of oscillator 
measured as change in 6 MHz 
phase shift from pin 8 to pin 9 


with respect to voltage at pin 7 - 2 — deg/mV 


Gain of sustaining amplifier, V9. 
measured with input voltage of 
100 mMVp-p5 and phase detector 
immobilised 2.5 - — V/V 


Output voltage of 6 MHz signal at 
pin 6, measured into 20 pF load 
Capacitance; peak-to-peak value — 5.5 — V 


Output rise and fall times at pin 6 


into 20 pF load tr; tf — _ 30 ns 
Data slicer and clock regenerator 
Teletext data input amplitude, pin 16 

(Note 2, Fig.4) ; peak-to-peak value — 1.1 _ V 
Data input amplitude at pin 16 required 

to enable amplitude gate flip-flop; 

peak-to-peak value _ 0.46 ~ V 
Attack rate, measured at pins 23 and 24 

with a step to pin 16 (positive) _ 15 — V/s 

(negative) _ 9 ~ V/us 
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Data slicer and clock regenerator (continued) min. typ. max. 
Decay rate, measured at pins 23 and 24 
with a step input to pin 16 48 100 144 mvV/us 


Width of clock coil drive pulses from pin 21 
when clock amplitude is not being controlled 


(Note 3) _ 40 — ns 
Clock hangover measured at pin 18 

as the time the clock coil continues Clock 

ringing after the end of data (Note 4) 20 — — Periods 


Clock and data output voltages at pins 18 and 19 
measured with 20 pF load capacitance; 


peak-to-peak value — 5.5 — V 
Output rise and fall times at pins 18 and 19 


into 20 pF loads Ty; tf — — 30 =o ns 


Sandcastle input 
Sandcastle detector thresholds, pin 5 


Phase lock pulse (PL) on 2 — — V 
Phase lock pulse off — — 3.é«¢NV 
Blanking pulse (CBB) on 4.5 _ — V 
Blanking pulse off | — — 55 V 
Dual polarity sync buffer 
After hours sync (AHS) pulse input pin 11 
Threshold for AHS active 1.0 — _ V 
Threshold for AHS off — — 20 #V 
Picture On (PO) input, pin 10 
Threshold for PO active — — 20 V 
Threshold for PO off 1.0 — — V 
Sync output, pin 12 
AHS output with pin 10 <1 V (Note 5) 
peak-to-peak value - 0.7 — V 
Composite sync output with pin 10 
> 2 V (Notes 5 and 6); peak-to-peak value = 0.7 10 V 
Output current — — 3 mA 
Line reset and signal presence detectors 
Schmitt trigger threshold on pin 2 to inhibit 
line reset output at pin 3 (syncs coincident) — 6.2 — V 
Schmitt trigger threshold on pin 2 to permit 
‘line reset output at pin 3 (syncs non-coincident) — 7.8 _ V 
Line reset output Voy (Ig = 20 vA) — _ 05 V 
Line reset output Voy (—I3 = 100 pA) 2.4 — — V 
Signal presence Schmitt trigger threshold on pin 2 
below which the circuit accepts the input signal — 6.0 — V 
Signal presence Schmitt trigger threshold on pin 2 
above which the input signal is rejected. — 6.3 — V 
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Notes 
1. This is measured with the dual polarity buffer external resistor connected to give negative-going 


. syncs. The measurement is made after adjustment of the potential divider at pin 14 for optimum 


delay. 

The teletext data input contains binary elements as a two level NRZ signal shaped by a raised 
cosine filter. The bit rate is 6.9375 M bit/s. The use of odd parity for the 8-bit bytes ensures that 
there are never more than 14-bit periods between each data transition. 

This is measured by replacing the clock coil with a small value resistor. 

This must be measured with the clock coil tuned and using a clock-cracker signal into pin 16. The 
clock-cracker is a teletext waveform consisting of only one data transition in each byte. 


With the external resistor connected to the ground rail, syncs are positive-going centred on +2.3 V. 
With the resistor connected to the supply rail, syncs are negative-going centred on +9.7 V. 


When the composite sync is being delivered, the level is substantially the same as that at the video 
input. 


APPLICATION DATA 
The function is quoted against the corresponding pin number 
Pin No. 


1. 


Signal presence time constant 


A capacitor and a resistor connected in parallel between this pin and supply determine the delay 
in operation of the signal presence detector. 


Line reset time constant 

A capacitor between this pin and supply integrates current pulses from the coincidence detector; 
the resultant level is used to determine whether to allow FLR pulses (see pin 3). 

Fast line reset output (FLR) 


Positive-going sync pulses are produced at this output if the coincidence detector shows no 
coincidence between the syncs separated from the incoming video and the CBB waveform from 
the timing chain circuit SAA5020. These pulses are sent to the timing chain circuit and are used 
to reset its counters, so as to effect rapid lock-up of the phase locked loop. 


Ground (0 V) 

Sandcastle input (PL and CBB) 

This input accepts a sandcastle waveform which is formed from PL and CBB from the timing 
chain SAA5020. PL is obtained by slicing the waveform at 2.5 V, and this, together with separated 
sync, are inputs to the phase detector which forms part of the phase locked loop. When the loop 
has locked up, the edges of PL are nominally 2 us before and 2 ys after the leading edge of 
separated line syncs. 

CBB is obtained by slicing the waveform at 5 V, and is used to prevent the data slicer being offset 
by the colour burst. 

6 MHz output (F6) 

This is the output of the crystal oscillator (see pins 8 and 9), and is taken to the timing chain 
circuit SAA5020 via a series capacitor. 

Phase detector time constant 


The integrating components for the phase detector of the phase locked loop are connected between 
this pin and supply. 
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APPLICATION DATA (continued) 


8, 9.6 MHz crystal 


A 6 MHz crystal in series with a trimmer capacitor is connected between these pins. It forms part 
of an oscillator whose frequency is controlled by the voltage on pin 7, which forms part of the 
phase locked loop. | | 


10. Picture On input (PO) 


The PO signal from the acquisition and control circuits SAA5040 Series is fed to this input and is 
used to determine whether the input video (pin 16) or the AHS waveform (pin 11) appears at 
pin 12. | 


11. After hours sync (AHS) 


A composite sync waveform AHS is generated in the timing chain circuit SAA5020 and is used to 
synchronise the tv (see pin 10). 


12. Sync output to tv 


Either the input video of AHS is available at this output dependent on whether the PO signal is 
HIGH or LOW. In addition either signal may be positive-going or negative-going, dependent on 
whether the load resistor at this output is connected to ground or supply. 


13. Field sync output (FS) 


A pulse, derived from the input video by the field sync separator, which is used to reset the line 
counter in the timing chain circuit SAA5020. 


14. Field sync separator timing 


A capacitor and adjusting network is connected to this pin and forms the integrator of the field 
sync separator. 


15. Sync separator capacitor 
A capacitor connected to this pin forms part of the adaptive sync separator. 
16. Composite video input (V1) 
The composite video is fed to this input via a coupling capacitor. 
17. Supply voltage (+12 V) | 
18. Clock output 


The regenerated clock, after extraction from the teletext data, is fed out to the acquisition and 
control circuits SAA5040 Series via a series capacitor. 


19. Data output 


The teletext data is sliced off the video waveform, squared up and latched within the SAA5030. 
The latched output is fed to the acquisition and control circuits SAA5040 Series via a series 
capacitor. 


20. Clock decoupling 
A 1 nF capacitor between pin 20 and ground is required for clock decoupling. 
21. Clock regenerator coil 


A high-Q parallel tuned circuit is connected between this pin and an external potential divider. 
The coil is part of the clock regeneration circuit (see pin 22). 
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APPLICATION DATA (continued) 


22. Clock pulse timing capacitor 


Short pulses are derived from both edges of data with the aid of a capacitor connected to this 
pin. The resulting pulses are fed, as a current, into the clock coil connected to pin 21. 
Resulting oscillations are limited and taken to the acquisition and control circuits SAA5040 
Series via pin 18. 


23,24 Peak detector capacitors 


The teletext data is sliced with an automatic data slicer whose slicing level is the mid-point of 


two peak detectors working on the video signal. Storage capacitors are connected to these pins 
for the negative and positive peak detectors. 
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To SAA5040 Field sync to 
= ar SAA5020 (SAA5025) 
+1 OV ata OC i eee Oe 


680 10K 
1.6uH 
Q,=90 
33 
2/12 K 
K K 
: Ground 
330; 47 3.3 = 
InF pF S=pF Gh = 
| Video 
+ 
[— from 
: 


rg] [ie i) fa] Fe ie 
a SAA5030 
Tey By Eel by) i te) bo tay 2 
5-to 65 
1.2 
K | 


6.8 | 
K 


Composite 
1.5 sync to TV 
K 


100 
K | (1.5K. alternative 
, for negative sync) 
| 
Line Reset to a i fa | | I 
praes oO '* 6MHz to SAA5020 PO from | ___ 
(SAAS025) —_,-— (SAA5025) SAA5040 | AHS from 
M81—1163/2/B from SAA5020 
SAA5020 ) , 
(SAA5025) (SAAS025) 


Fig.3 Peripheral circuit 
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ee sa zeroccarrrier 3V 
ce eee eee eee peak white 2.4V 


peak teletext 1.82V 


colour burst 


black 0.72V 


Fe SYNC OV 


M8 1-1163/4 


Fig.4 Part of teletext line, with burst showing nominal levels. 


| aed 32us _ | a 32us = 


2.35us field sync broad pulse 
equalising datum separation 4.7yus 
pulse 
M81-1163/5 


leading edge of field 
sync pulse 


Fig.5 Detail of idealised composite sync waveform. 
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The SAA5040A, SAA5040B, SAA5040C, SAA5041, SAA5042 and SAA5043 form the SAA5040 
series of MOS N-channel integrated circuits. They perform the control, data acquisition and data 
routing functions of the teletext system. The circuits differ in the on-screen display that is provided 


and in the decoding of the remote control commands. The functions of the circuits are detailed in 
Tables 1, 2 and 3; throughout the remainder of the data the SAA5040 is referred to when the 


complete series of the circuits is being described. 


The SAA5040 is a 28-lead device which receives serial teletext data and clock signals from the 
remote control systems incorporating the SAA5012 or SAB3022, SAB3023 decoder circuits. The 
SAA5040 selects the required page information and feeds it in parallel form to the teletext page 


memory. 


The SAA5040 works in conjunction with the SAA5020 timing chain and the SAA50O50 series of 


character generators. 


QUICK REFERENCE DATA 


Supply voltage | VppD nom. 5 V 

Supply current IDD typ. 80 mA 

Operating ambient temperature range Tamb —20 to +70 oC 
Vss Vpop DLIM DATA GLR 


1 14 4 5 6} 12 


PAGE NUMBER REMOTE 
AND TIMED 


PAGE LATCHES 


DATA 
DECODER 


CONTROL uy i! OF 
TIMING i 
) 5 DEW 
8 


WOK o-!Sle| WRITE COMPARATOR 
CONTROL AND CONTROL _ 
nogee? {> © PO 
26] _ | HAMMING AND CONTROL 9 5 DE 
to row | Al © ROW PARITY CLEAR FUNCTION [7 [ig 
address< A2 25|_ | ADDRESS CHECKING PAGE LATCHES 0 BCS 
bus 4 OUTPUT CIRCUITS CONTROL Fe 
A3 0 BUFFER 
en u 
SERIAL TO 
PARALLEL DATA 


CONVERSION 


BIT 
COUNTER AND 
FRAMING CODE 
DETECTION 


OUTPUT BUFFER 


22{ 21] 20] 19) 18} 17 16 


WACK 0-2 
F70-2 
2 


DATA © 


D1 D2 D3 D4 DS D6 D7 
to data bus 
PACKAGE OUTLINE 


Fig.1 Block diagram. 
28-lead DIL; plastic (SOT-117) 
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ground Vss 


data input from SAA5030 DATA 


clock input from SAA5030 F7 
no connection NC 

remote control clock input DLIM 
remote control data input DATA 
data entry window input DEW 
picture on output PO 

display enable output DE 

big character select output BCS 
top/bottom output T/B 

general line reset input GLR 
1MHz clock input F1 


+ 5V supply Vop 


SAA5040 


Fig.2 Pinning diagram. 
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WACK write address clock output 
AO 


Al 


3—state outputs 
A2 { to row address bus 


A3 
A4 
D1 
D2 


D3 


3—state outputs 


D4 > to data bus 


D5 
D6 
D7 


WOK write O.K. output 
M0935. 


September 1985 


Signetics Linear Products Product Specification 


Teletext Acquisition and Control Circuit 7 SAA5040 


DESCRIPTION 
The circuit consists of two main sections. 
a) Data acquisition section 


The basic input to this section is the serial teletext data stream DATA from the SAA5030 video 
processor circuit. This data stream is clocked at a 6.9375 MHz clock rate (F7) from the SAA5030. 
The incoming data stream is processed and sorted so that the page of data selected by the user is 
written as 7-bit parallel words into the system memory. Hamming and parity checks are performed 
on the incoming data to reduce errors. Provision is also made to process the control bits in the 
page header. 


b) Control section 


The basic input to this section is the 7-bit serial data (DATA) from the remote control decoder 
circuit such as the SAA5012 or SAB3012. This is clocked by the DLIM signal. 

The remote control commands are decoded and the control functions are stored. 

Full details of the remote control commands used in the various SAA5040 series options are 
given in Tables 1, 2 and 3 below. The control section also writes data into the page memory 
independently of the data acquisition section. This gives an on-screen display of certain user- 
selected functions such as page number and programme name. 

The 3-state data and address outputs to the system memory are set to high impedance state if 
certain remote control commands are received (e.g. viewdata mode). This is to allow another 
circuit to access the memory using the same address and data lines. The address lines are also 
high impedance while the acquisition and control circuit is not writing into the memory. 
Further information on the control of the complete teletext system is available. 

The circuit is designed in accordance with the September 1976 Broadcast Teletext specification 
published by BBC/IBA/BREMA. 

A typical circuit diagram of a teletext decoder is shown in Fig. 7. 


HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
“mangling MOS devices”). : 


RATINGS Limiting values in accordance with the Absolute Maximum System (1EC134). 
Voltages (with respect to pin 1) 


min. max. 

Supply voltage (pin 14) Vpp —0.3 7.5 V 
Input voltage (all inputs) Vy) —0.3 7.5 V 
Output voltage (pin 8) Vos —0.3 13.2 V 
Output voltage (all other outputs) Vo —0.3 7.5 V 
Temperatures 

Storage temperatu re range T stg —20 to +125 oC 
Operating ambient temperature range Tamb —20 to +70 oC 
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CHARACTERISTICS 
min. typ. max. 


Supply voltage (pin 14) Vpp 4.5 — 5.5 V 


The following characteristics apply at Tamb = 25 °C and Vpp = 5 V unless otherwise stated. 


Supply current IDD _ 80 120 mA 
Inputs 

F7 DATA (pin 2), F7 CLOCK (pin 3) 

Input voltage; HIGH VIH 3.5 _ 5.5 V 
Input voltage; LOW Note 1 VIL — — 0.5 V 
Rise time tr ~ - 30 ns 
Fall time tr _ — 30 ns 
Input resistance (measured at 4 V) Rj 2 — 18 MQ2 
Input capacitance C| — — 7 pF 
F1 (pin 13) 

Input voltage; HIGH VIH 2.4 — Vpp V 
Input voltage; LOW VIL 0 — 0.6 V 
Rise time tr = — 50 ns 
Fall time tf _ _ 30 ns 
Input capacitance Cy — — 7 pF 
Input leakage current (V; = 0 to 5.5 V) liR _ _ 10 BA 


All other inputs 
DLIM (pin 5), DATA (pin 6), DEW (pin 7), GLR (pin 12) 


Input voltage; HIGH VIH 2.0 _ VppD V 

Input voltage; LOW VIL 0 — 0.8 V 

Input capacitance Cy — — 7 pF 

Input leakage current (V; = 0 to 5.5 V) liR — — 10 BLA 

Outputs 

DE (pin 9), BCS (pin 10), T/B (pin 11) (with internal pull-up to Vpp) 

Output voltage; LOW (lo, = 400 vA) VOL 0 _ 0.5 V 

Output voltage; HIGH —IOy = 50 WA for pin 9 | 
—lIOH = 30 HA for pin 10 VOH 2.4 _ VpD V 
—lOH = 20 BA for pin 11 

Output voltage rise time ty _ — 10 

Output voltage fall time tf — — 1 ms 

Output capacitance Co — — 7 pF 

Output current with output in HIGH state —lo 50 _ 500 pA 

(Vo = 0.5 V) 
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CHARACTERISTICS Continued 


min. typ. max. 

PO (pin 8) (with internal pull-up to Vpp) 
Output voltage; LOW (Io, = 140 vA) VOL 0 — 05 V 
Output voltage; HIGH (—IQy = 50 uA) VOH 2.4 —-  Vpp V 
Output rise and fall time (Cy = 40 pF) (Note 3) tr, tf ~ —_ 10 us | 
Output capacitance Co — — 7 pF 
Output current with output in HIGH state 

(Vo = 0.5 V) —lo 50 _ 500 BA 
D1 to D7 (pins 16 to 22) (3-state) 
Output voltage; LOW (Io, = 100 uA) VOL 0 — 0.5 V 
Output voltage; HIGH (Ioy = —100 vA) VOH 2.4 — VoD V 
Output rise and fall time (Cy = 40 pF) (Note 3) ty, te — — 100 ns 
Output leakage current in ‘OFF’ state 

(Vo = 0 to 5.5 V) tloRoft# — — 10 HA 
Output capacitance Co — — 7 pF 
WOK (pin 15) (3-state with internal pull-up to Vpp) 
Output voltage; LOW (Io, = 400 wA) VOL 0 — 0.5 V 
Output voltage; HIGH (—IOy = 200 pA) VOH 2.4 — Vpp V 
Output voltage rise Hie (CL =80 pF) (Note 3) tr — — 20 ns 
Output voltage fall time tf _ — 100 ns 
Output current with 3-state ‘OFF’ (Vg = 0.5 V) —IORof¢ 80 — 500 BA 
Output capacitarice Co — — 7 pF 
WACK (pin 28) (3-state) 
Output voltage; LOW (lo, = 1.6 mA) VOL 0 — 0.5 V 
Output voltage; HIGH (—lOH = 100 pA) VOH 2.4 — Vpp V 
Output voltage rise time tr — — 50 ns 
Output voltage fall time CES AO RED WNotee) te — — 300 ns 
Output leakage current in ‘OFF’ state 

(Vo = 0 to 5.5 V) +IORoff — = 10 MA 
Output capacitance Co — — 7 pF 
A0 to A2 (pins 25 to 27) (3-state) 
Output voltage; LOW (lo, = 200 vA) VOL. 0 _ 0.5 V 
Output voltage; HIGH (—IQ} = 200 vA) VOH 2.4 _ Vpop V 
Output rise and fall time (Cy, = 90 pF) (Note 3) ty, tf — — 300 = ns 
Output leakage current in ‘OFF’ state 

(Vo = Oto 5.5 V) tIORoff — — 10 wA 
Output capacitance Co _ _ 7 pF 
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CHARACTERISTICS (Continued) 


Outputs ; 
min. typ. max. 

A3 and A4 (pins 23 and 24) (3-state) 
Output voltage; LOW (Io, = 1.6 mA) VOL 0 ~ 0.5 V 
Output voltage; HIGH (—IQH = 200 uA) VOH 2.4 = Vpp V 
Output rise and fall time (C__ = 40 pF) (Note 3) tr, te _~ — 300 ns 
Output leakage current in ‘OFF’ state 

(VQ = Oto 5.5 V) +IORoff — — 10 pA 
Output capacitance Co ~ ~ 7 pF 
TIMING CHARACTERISTICS 
Teletext Data and Clock (F7 DATA + F7 CLOCK) 
(Note 2 and Fig.3) 
F7 Clock cycle time TF7Z 144 = _ ns 
F7 Clock duty cycle (HIGH to LOW) 30 — 70 % 
F7 Clock to data set-up time tsu — 60 ~ ns 
F7 Clock to data hold time tHOLD — 40 _ ns 
Control DATA and Clock (DATA + DLIM) 
(Note 3 and Fig.4) 
DLIM Clock HIGH time tCH 6.5 8 Note 4 us 
DLIM Clock LOW time tc. 3.5 8 60 Ms 
DLIM to DATA set-up time tsu 0 14 — Us 
DLIM to DATA hold time tHOLD 8 14 _ Ms 
Writing Teletext data into memory during DEW 
(Fig.5) 
WACK cycle time TWACK 1150 — — ns 
WACK rising edge to WOK falling edge taww 250 — 450 ns 
WACK rising edge to WOK rising edge twRw 150 _ 310 ns 
WOK pulse width twPD 300 — — ns 
Data output set-up time tow 330 — — ns 
Data output hold time tpH 0 _ _ ns 
Row address set-up time before first WOK traw 190 — — ns 
Row address valid time after last WOK tRWR 0 — sag ns 
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TIMING CHARACTERISTICS 


| min. 
Writing Header information into memory during tv line 40 
(Fig.6) 
This arrangement is a combined phasing of the 
SAA5040 and the SAA5020 and is therefore 
referred to F1 input. The first WOK is related 
to F1 No 14% from the SAA5020 
F 1 Clock cycle time 1000 
Time from F1 to WOK falling edge twe 300 
Time from F1 to WOK rising edge tEw 0 
Data output set-up time tpw 330 
Data output hold time tpoH 0 


Notes 


1. These inputs may be a.c. coupled. Minimum rating is —0.3 V but the input may be taken more 


negative if a.c. coupled. 


2. Transition times measured between 0.5 and 3.5 volt levels. 
Delay times are measured from 1.5 V level. 


3. Transition times measured between 0.8 and 2.0 volt levels. 
Delay times are measured from 1.5 V level. 


4. There isno maximum DLIM cyle time provided the DLIM duty cycle is such that tc, max. 


requirement is not exceeded. 
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APPLICATION DATA 
The function is quoted against the corresponding pin number 
Pin No. 


1. Vgg Ground - 0 V 
2. DATA Data input from SAA5030 
This input is a serial data stream of broadcast teletext data from the SAA5030 video processor, 


the data being at a rate of 6.9375 MHz. 
This input from the SAA5030 is a.c. coupled with internal d.c. restoration of the signal levels. 


3. F7 Clock input from SAA5030 
This input is a 6.9375 MHz clock from the SAA5030 video processor which is used to clock the 
teletext data acquisition circuitry. The positive edge of this clock is nominally at the centre of 


each teletext data bit. 
This input from the SAA5030 is a.c. coupled with internal d.c. restoration of the signal levels. 


5. DLIM Remote control clock input 


This input from the remote control receiver decoder is used to clock remote control data into 
the SAA5040. The positive-going edge of every second clock pulse is nominally in the centre 
of each remote control data bit. 


6. DATA Remote control data 


This input is a 7-bit serial data stream from the remote control receiver decoder. 

This data contains the teletext and viewdata remote control user functions. The nominal data 
rate is 32 us/bit. The remote contro! commands used in the SAA5040 series are shown in 
Tables 1, 2 and 3. 


7. DEW Data entry window 
This input from the SAA5020 Timing Chain defines the period during which received teletext 


data may be accepted by the SAA5040. This signal is also used to enable the 5 memory address 
outputs (pins 23 to 27) and the 7-bit parallel data outputs (pins 16 to 22). 


8. PO Picture On 
This output to the SAA5012, SAA5030 and SAA5050 circuits is a static level used for the 


selection of tv picture video ‘on’ or ‘off’. The output is HIGH for tv picture ‘ON’, LOW for tv 
picture ‘OFF’. The output has an internal pull-up to Vpp. 

9. DE Display enable 
This output to the SAA5050 teletext character generator is used to enable the teletext display. 
The output is HIGH for display enabled, LOW for display disabled. 
The output is also forced to the LOW state during the DEW and tv line 40 periods and when a 
teletext page is cleared. 
The output has an internal pull-up to Vpp. 


10. BCS Big character select 


This output to the SAA5020 timing chain and to the SAA5050 character generator is used to 
select double height character format under user control. The output is HIGH for normal height 
characters, LOW for double height characters. It is also forced to the HIGH state on page clear. 
The output has an internal pull-up to Vpp. 


11. T/B Top/bottom 


This output to the SAA5020 timing chain is used to select whether top or bottom half page is 
being viewed. The output is HIGH for bottom half page and LOW for top half page. It is also 
forced to the LOW state on page clear. 

The output has an internal pull-up to Vpp. 
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APPLICATION DATA 


12. 


16, 17, 18, 
19, 20, 21, 
22 


23, 24, 25, 
26, 27 


September 1985 


GLR General line reset 


This input from the SAA5020 timing chain is used as a reset signal for internal control 
and display counter. 


F1 


This input is a 1 MHz clock signal from the SAA5020 timing chain used to clock internal 
remote control processing and encoding circuits. 


Vpp +5 V Supply 
This is the power supply input to the circuit. 


WOK Write O.K. 


This 3-state output signal to the system memory is used to control the writing of valid data 
into the system memory. The signal is LOW to write, and is in the high impedance state 
when viewdata is selected. The three-state buffer is enabled at the same time as the data 
outputs (see below). An internal pull-up device prevents the output from floating into the 
LOW state when the 3-state buffer is OFF. 


D7 to D1, Data outputs 


These 3-state outputs are the seven bit parallel data outputs to the system memory. The 
Outputs are enabled at the following times:— 


a) During the data entry window (DEW) to write teletext data into the memory. 
The data rate is 867 kbytes per second and is derived from the teletext data clock. 


b) During tv line 40 for encoded status information about user commands 
(e.g. programme number), to be written into the memory. This period is known as 
EDIL (encoded data insertion line). The data rate is 1 Mbyte per second and is 
derived from the 1 MHz display clock F 1. 


c) When the page is cleared. In this case the data output is forced to the space code 
(0100000) during the display period for one field. This data is held at the space code 
from either tv line 40 (if page clear is caused by user command), or the received 
teletext data line causing the clear function, until the start of the data entry window 
(DEW) of the next field. 


A4 to AO Memory addresses 


These 3-state outputs are the 5-bit row address to the page memory. 
This address specifies in which of 24 rows the teletext data is to be written. 
The outputs are enabled during the data entry period (DEW). 


WACK Write address clock 


This 3-state output is used to clock the memory address counter during the data entry 
period (DEW). The output is enabled only during this period. The positive-going edge of 
WACK is used to clock the address counter. 
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TABLE 1 (Note 8) 
Remote control commands used in the SAA5040A/SAA5040B/SAA5040C/SAA5043 


cite TELEVISION MODE (b7 = bg = 0) TELETEXT MODE (b7= 1, bg = 0) 
bs ba b3 b2 by (Note 7) (Note 7) 
0 0 0 0 0 RESET (Note 1) 
0 0 0 0 1 
0 0 0 1 O 
0 0 0 1 1 TV/ON Gives programme display. 
0 0 1 0 0 STATUS Gives programme display. STATUS  Programme/header display (Note 6) 
001 0 1 HOLD Stops reception of teletext. (Note 9) 
0 0 1 1 90 
0 0 1 1 1 TIME Gives time display. DISPLAY CANCEL _ (Note 3) 
0 10 0 0 
0 1 0 0 1 
0 1 0 1 #0 
0 1 0 1 #1 
0 1 1 0 QO TAPE Resets to small characters. 
oO 1 1 0 1 
0 1 1 #1 #0 TIMED PAGE OFF 
Oo 11 1 1 TIMED PAGE ON 
1 0 0 0 0 1 
1 0 0 0 1 2 
10 0 1 0 3 
1 0 0 1 #41 4 
1 0 1 0 0 5 
10 1 0 1 PROGRAMMES NUMBERS 6 
10 1 #1 #0 (Note 2) (Notes 4 and 6) 7 
1 0 1 1 = 1 8 
1 1 0 0 0 
1 #1 0 0 1 0 
1 #1 0 1 =O SMALL CHARACTERS 
1 1 0 1 =1 LARGE CHARACTERS TOP HALF PAGE 
1 1 1 0 0 LARGE CHARACTERS BOTTOM HALF PAGE 
1 1 1 0 1 
1 #1 #717 #71 =«0 SUPERIMPOSE (Note 6) 
1 #1 #71 #1 ~=1 TELETEXT/ON _ (Note 5) 
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Notes for Table 1 


1. Reset clears the page memory, sets page number to 100 and time code to 00.00 and resets timed 
page and display cancel modes. 


2. Programme names are displayed for 5 s in a box at the top left of the screen in large characters. 
Programme commands clear the page memory except in timed page mode. 


The following boxed information is displayed. 


REMOTE CONTROL 
COMMAND SAA5040A SAA5040B SAA5040C SAA5043 


bs bag bg bp by 


10000 BBC1 BBC1 Ch 1 
10001 BBC2 ITV Ch 2 
10010 ITV BBC2 Ch 3 
10011 BBC1 Ch 4 
10100 . ITV Ch5 
Gives no 
1010 1 VTR Ch6 
status 
1011 0 7 BBC1 Ch7 
1014 1 4 VCR pan ITV Ch 8 
110000 9 BBC2 Ch 9 
1100 1 10 BBC1 Cho 
11010 11 ITV Ch 10 
1101 1 


12 VTR Ch 11 


3. Display cancel removes the text and restores the television picture. The device then reacts to 
any update indicator on the selected page. An updated newsflash or subtitle is displayed 
immediately. When an updated normal page arrives the page number only is displayed in a box 
at the top left of the screen. The full page of text can then be displayed when required using the 
teletext/on command. 


4. Three number commands in sequence request a new page, and four number commands select a 
new time code in timed page mode. When a new page has been requested the page header turns 
green and the page numbers roll until the new page is captured. 


5. The teletext/on command resets display cancel, hold and superimpose modes. 


6. Status, timed page on, timed page off, numbers, superimpose and teletext/on commands all reset 
to top half page and produce a box round the header for 5 s. This allows the header to be seen 
if the television picture is on (e.g. newsflash or display cancel modes). 


7. In viewdata mode (b7 = bg = 1) the device is disabled and teletext cannot be received. All 3-state 
outputs are high impedance. 


8. Table 1 shows code required for functions specified. The device requires the inverse of these codes 
i.e. b7 to by. The code is transmitted serially in the following order: b7, by, b9, b3, bq, bs, bg. 


9. When hold node is selected ‘HOLD’ is displayed in green at the top right of the screen. 
10. A ‘P’ is displayed before the page number at the top left of the screen (e.g. P123). 
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TABLE 2 (Note 9) 


Remote control commands used in the SAA5041 


eae TELEVISION MODE (b7 = bg = 0) TELETEXT MODE (b7 = 1, bg = 0) 
bs bg bz bo by, (Note 8) (Note 8) 
0 0 0 0 0 
0 0 0 0 1 
0 0 0 1 QO 
0 0 0O 1 141 
0 0 1 0 #O TIME Gives time display. STATUS Gives header and time display. (Note 6) 
00 1 0 1 TIMED PAGE On/off toggle function. 
0 0 1 1 0 
0 0 1 1 1 
0 1 0 0 0 
0 1 0 0 1 
0 10 41 0 
0 10 1 #1 
0 1 1 #0 #0 
Oo 1 1 0 41 
0 1 1 #1 #0 
Oo 11 1 =1 TELETEXT RESET (Note 1) 
1 0 0 0 0 0 
10 0 0 1 1 
10 0 1 #0 2 
100 1 #1 3 
10 1 0 0 4 
10 1 0 1 PROGRAMMES (Note 10) NUMBERS 5 
1 0 1 71 «0 (Notes 2and7) | §& 
10 1 1 =1 7 
1 1 0 0 0 8 
1 1 0 0 = =1 9 
1 #1 0 1 #0 SMALL CHARACTERS 
1 #1 0 1 =41 LARGE CHARACTERS Top/bottom toggle 
function 
1 1 #1 #0 0 HOLD Stops reception of teletext - toggle 
function (Note 3) 
1 1 #1 0 1 DISPLAY CANCEL (Note 4) 
Loot & + -0 SUPER!MPOSE 
1 14 7 =#71 «1 NORMAL DISPLAY (Note 5) 
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Notes for Table 2 


1. The teletext reset command clears the page memory, selects Page 100, goes to small characters 
and resets hold, timed page and display cancel modes. 


2. Three number commands in sequence request a new page, and four number commands select a 
new time code in timed page mode. When a new page has been requested the page header turns 
green and the page numbers roll until the new page is captured. 


3. When hold mode is selected ‘HALT’ is displayed in green at the top right of the screen. 

4. Display cancel removes the text and restores the television picture. The SAA5041 then reacts to 
any update indicator on the selected page. An updated newsflash or subtitle is displayed immed- 
iately. When an updated normal page arrives the page number only is displayed in a box at the 
top left of the screen. The full page of text can then be displayed when required using the normal 
display command. 

5. The normal display command resets display cancel, hold and superimpose modes. 

6. Status, timed page, numbers, hold, superimpose and normal display commands all reset to top 
half page and produce a box round the header for five seconds. This allows the header to be seen 
even if the television picture is on (e.g. newsflash or display cancel modes). 


7. An’S’ is displayed before the page number at the top left of the screen (e.g. $123). 


8. In viewdata mode (b7 = bg = 1) the SAA5041 is disabled and teletext cannot be received. All 
3-state outputs are high impedance. 


9. Table 2 shows code required for functions specified. The SAA5041 requires the inverse of these 
codes i.e. b7 to by. The code is transmitted serially in the following order: b7, by, 62, bg, bg, 
bs, bg. 


10. Clear Memory occurs except in Timed Page Mode. 
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TABLE 3 (Note 9) 


Remote control commands used in the SAA5042 


CODE 
TELEVISION MODE =be= ELET E = = 
bg by bz bo by nes (b7 = bg = 0) TELE sage 1, bg = 0) 
0 O 0 O O |} RESET (Note 1) 
0 00 0 1 
0 00 1 0 
0 00 1 1 
0 O01 0 0 STATUS Gives header and time display. (Note 6) 
0 O 1 0 1 HOLD _ Stops reception of teletext - toggle 
function (Note 3) 
0 O 1 1 #0 


(o>) 
i=) 
— 
= 
= 


TIME = Gives time display 


0 10 0 0 

0 10 0 1 

0 10 1 #0 SMALL CHARACTERS 

0 10 1 1 

0 1 #1 #0 0 LARGE CHARACTERS TOP HALF PAGE 
0 1 1 0 41 LARGE CHARACTERS BOTTOM HALF PAGE 
Oo 71 1 1 O DISPLAY CANCEL/RECALL (Note 4) 
O11 1 1 DISPLAY RECALL 

1 0 0 0 0 0 

1 0 0 Q 1 1 

1 00 1 #0 2 

1 OO 1 1 3 

1 0 141 O QO 4 

1 0 1 0 1 PROGRAMMES (Note 10) NUMBERS 5 

1 0 1 1 #0 (Notes 2 and 7) 6 

1 O01 1 1 7 

1 1 0 0 0 8 

1 #10 0 1 AS) 

1 1 0 41 =0 TIMED PAGE On/Off toggle function 

1 10 1 41 CLEAR MEMORY 

1 1 #1 0 0 LONG TERM STORE/SMALL CHARACTERS 
1 1 1 #0 1 

1 #1 1 #1 =«0 SUPERIMPOSE 

1 £14 71 #71 «1 TELETEXT/ON (Note 5) 
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Notes for Table 3 
1. Reset clears the page memory, sets page number to 100 and time code to 00.00 and resets timed 


10. 


page and display cancel modes. 


Three number commands in sequence request a new page, and four number commands select a 
new time code in timed page mode. When a new page has been requested the page header turns 
green and the page numbers roll until the new page is captured. 


When hold mode is selected ‘STOP’ is displayed in green at the top right of the screen. 


Display cancel/recall removes the text and restores the television picture. The SAA5042 then 
reacts to any update indicator on the selected page. An updated newsflash or subtitle is displayed 
immediately. When an updated normal page arrives the page number only is displayed in a box 

at the top left of the screen. The same command will then cause a normal page to be displayed, 
but will cancel a newsflash or subtitle page. Alternatively, text can be recalled by using the 
teletext/on command. 


The teletext/on command resets display cancel, hold and superimpose modes. 

Status, timed page, numbers, superimpose and teletext/on commands all reset to top half page 
and produce a box round the header for five seconds. This allows the header to be seen even if 
the television picture is on (e.g. newsflash or display cancel modes). 


A ‘P’ is displayed before the page number at the top left of the screen (e.g. P123). 


In viewdata mode (b7 = bg = 1) the SAA5042 is disabled and teletext cannot be received. All 
3-state outputs are high impedance. 


Table 3 shows code required for functions specified. The SAA5042 requires the inverse of these 
codes i.e. b7 to by. The code is transmitted serially in the following order: b7, by, bg, bg, bq, 
bs, bg. 


Clear Memory occurs except in Timed Page Mode. 
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GENERAL DESCRIPTION 


The SAA5045 is a PCFO700 CMOS process gate array designed to interface the SAA5040B Teletext 
Acquisition Control (TAC) IC to the SAA5030 Video Processor (VIP) data output for modified U.K. 
standard 525-line Teletext. It also provides an address interface between SAA5040B, SAA5025D 
Teletext Timing Chain for USA 525 line system (USTIC) and the page memory RAM. The memory 
interface includes read/write control compatible with the geared 32 + 8 transmission system at 
5,727272 MHz data rate employed in the modified U.K. system. 


For RATINGS and CHARACTERISTICS see data sheet: CMOS GATE ARRAYS (PCFO0700). 


SYSTEM CONTENT 


Functionally the chip contains two main sections which operate during the acquisition and display 
periods. 


Gearing control section 


The data from the SAA5030 (VIP) and data clock, are processed to detect the presence of the gearing 
bit and convert the data for correct operation of the SAA5040B (TAC). Data and clock outputs to the 
TAC are internally compensated for processing delays, so that correct clocking-in of data is ensured. 


Addressing section 

Column counters are included, which operate from the WACK (TAC) and RACK (USTIC) column 
clock signals during acquisition and display respectively. 

Five row-address input circuits (pins AO to A4) are provided for (TAC) and (USTIC) address outputs. 
These are multiplexed with the column address from the internal counters for correct mapping of the 
RAM via ten output address pins (AAO to AAQY). During acquisition, the multiplexer is controlled by 
the gearing bit detection to give correct assembly of the 40 character per row page structure. 


The address output buffers are 3-state devices controlled by the line reset signal (pin 8; GLRS). During 
the horizontal flyback period the address pins are 3-state to allow alternative addressing for customized 


applications. 


Read/write control to RAM 


An internal counter prevents overwriting if more than 32 character WOK pulses are received from TAC 
due to poor transmission conditions. Two control outputs, one for read/write (WE) and the other for 
chip select (CS), are provided to eliminate conflicts on the input/output RAM bus. 


PACKAGE OUTLINE 
28-lead DIL; plastic (SOT-117D). 
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SYSTEM CURRENT (continued) 

Framing code detection _ | 

When a valid data line is received and the framing code is detected in the gearing section, then flag 
pulses (pair of pulses) are available at output WE, before the CS output is driven LOW for normal __ 
writting into the RAM. If a framing-code-present signal is required, it can be obtained by gating WE and 
CS outputs such, that an output from the WE, when output CS is HIGH, indicates the detection of a 
framing code; N.B., each framing code produces a pair of pulses. 


RAM ADDRESS CONTROL 


Figure 2 shows that the ten RAM address outputs are controlled by a multiplexer (MUX3), which 
interchanges the two groups of five address lines, when a gearing bit equal to logic ‘’1” is received 
during data input. During display, MUX3 is switched by bit number 6 of the column counter. MUX1, 
which is switched by the gearing bit, controls stepping of the row address when fill-in rows are received. 
MUX2 is switched by either the gearing bit or bit 6 of the column counter to access the part of RAM 
storing the last eight bytes of each row of data. 


The mapping of the 1024-byte RAM is shown in Fig. 1. Area ‘‘A’’ stores data corresponding to the 
left-hand side (32 bytes wide) of the display whilst area ‘‘B’’ stores the remainder for the right-hand 
side. 


Access to the RAM for custom operations can be made during the time that GLRS (pin 8) is LOW, 
which causes all ten address buffers to be in the open state. It should be noted that GLRS LOW also 
resets the column counters and the gearing-bit detection system to logic ‘’0’’. This normally occurs 
during the horizontal interval (between 5 and 8 us) after the horizontal sync pulse falling edge. 
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Fig. 1 Memory map for the SAA5045 address system. 
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Fig. 2 Block diagram. 
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PIN DESCRIPTION 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
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F5,7 DATA 
F5,7 CLOCK 
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input clock to column counter 


row address system inputs 


data entry window input 
general line reset starting output 
5,7 MHz data output 

5,7 MHz clock output 

write enable input 

chip select output 

display enable input 

ground 

5,7 MHz data clock input 

5,7 MHz data input 


write enable output 


> memory address outputs 


positive supply 
(+ 4,5 V to +5,5 V) 
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APPLICATION INFORMATION 


The function is described against the corresponding pin number. 


1. WRACK — input clock to column counter 


Input clock to column counter during data input or display; WACK from SAA5040B (TAC) or 
RACK from SAA5025D (USTIC). 


2 to 6. AO to A4 — row address system inputs 


10. 


11. 


12. 


13. 


14. 
15. 


16. 


Inputs to row address system during data input or display. Row address numbers greater than 0 to 
23 disable writing to the RAM during input. 
. DEW — data entry window input 


Data entry window input enables gearing bit detection and data processing part of system. 


. GLRS — general line reset starting output 


Input from the SAA5025D is a negative reset pulse at line rate for column counters and gearing 
system. When this input is LOW, it opens 3-state address buffers. 


. F5,7 DATA — 5,7 MHz data output 
Data output at 5,7 MHz rate to SAA5040B (TAC) during the data acquisition period when DEW is 
HIGH. 


F5,7 CLOCK — 5,7 MHz clock output 
Data clock output at 5,7 MHz rate to SAA5040B (TAC), synchronized to data at pin 9 (F5,7 DATA). 
WOK — write enable input 


Write enable input from SAA5040B (TAC) during data acquisition, when correct data is received, 
for RAM write/read control (via output WE; pin 17). 


cs= chip select output 


Output to drive the RAM chip enable during data input and display periods controlled by the 
display enable output (DE) and write O.K. (WOK) output of the SAA5040B (TAC), avoiding input/ 
output bus conflict. 


DE — display enable input 

Display enable input from SAA5040B (TAC) to control CS. 
Vss — ground 

DK5,7 — 5,7 MHz data clock input 


Data clock input at 5,7 MHz rate from the SAA5030 (VIP); this pin is capacitively coupled with a 
d.c. restoring diode and is externally connected to Vgs. 


DA5,7 — 5,7 MHz data input 


Data input at 5,7 MHz rate from SAA5030 (VIP); this pin is capacitively coupled with a d.c. 
restoring diode and is externally connected to Vss. 
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APPLICATION INFORMATION (continued) 


17. WE — write enable output 


Write enable output to control RAM write/read. This output is the gated and delay version of the 
WOK from the SAA5040B, but limited to 32 pulses which are possible before the WACK count is 
equal to 32. | a aan 

A pair of pulses on this output precedes the WOK pulses, whilst CS is HIGH whenever a framing 
code is detected. 


18 to 27. AAY to AAO — memory address outputs 


Memory address outputs; 3-state buffered outputs, open when GLRS is LOW for auxiliary access 

to the RAM address bus if required. 

N.B.: AAQ and AAS are simultaneously HIGH whenever a gear bit with logic ‘1’ is received during 
DEW is HIGH. This enables detection of gearing bit reception, following GLRS reset on each 
line, which always resets AAO to AAQ to logic ‘0’. 


28. Vpp — positive supply (4,5 V to 5,5 V) 


Note 


Input pins other than 15 and 16 have internal 15 kQ pull-up resistors for compatibility with SAA5025D 
and SAA5040B output signal ranges. Pins 15 and 16 are CMOS inputs for d.c. restored drive from the 
SAA5030 (VIP) clock and data output signals. 
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Fig. 4 Schematic diagram of the 5-chip decoder. 


For additional information 
consult the Applications Section. 
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The SAA5050 series of MOS N-channel integrated circuits provides the video drive signals to the 
television receiver necessary to produce the teletext/viewdata display. The variants are described in the 
Quick Reference Data and full details of the characters sets are given in Figs. 11 to 18. 


QUICK REFERENCE DATA 


Supply voltage Vppb nom. 5 V 
Supply current IDpD typ. 85 mA 
Operating ambient temperature range Tamb —20 to +70 °C 
Variant Character set Variant Character set 

5050 English 5054 Belgian 

5051 | German 5055 US ASCII 

5052 Swedish 5056 Hebrew 

5053 Italian 5057 Cyrillic 


Vop Yss NC 
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oe 7| | INPUT 
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D6 O fs 
D7 © Me he 
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CONTROL 
po 
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GRAPHICS 
GENERATOR 
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TIMING panes O TR6 
GENERATOR O LOSE 
[13 
O DEW 
eee 16 CHARACTER 
DETECTION 
AND STORE 
$5 DISPLAY 
BO CONTROL 
24 c= MULTIPLEXER REMOTE 
ioe ine Ba CONTROL ae 
YO DATA DECODER 
sik oece ce AND | 
28] 27 31 11] 12 
©) e OO UO O 
M0260 DE PO DATA DLIM  GLR 


Fig.1 Block diagram 


PACKAGE OUTLINE 
28-lead DIL; plastic (SOT-117). 


September 1985 5-486 


Signetics Linear Products Product Specification 


Teletext Character Generator SAA5050/55 


ground Vgc DE display enable input 


superimpose Ss! PO picture on input 


remote control data DATA LOSE load output shift register enable 


D1 BLAN blanking output 
D2 R 
D3 G video outputs 
character data D4 B 
inputs SAA5050 
D5 Y monochrome video output 
D6 F1 1MHz input 
D7 TR6 6MHz input 


remote control data clock DLIM Vpp positive supply (+5V) 


general line reset GL NC not connected 


data entry window DEW TLC transmitted large character 


character rounding select CRS BCS big character select 


M81—1066/2/B 


Fig.2 Pinning diagram 


DESCRIPTION 


The SAA5050 is a 28 pin device which incorporates a fast access character generator ROM (4.3 k bits), 
the logic decoding for all the teletext control characters and decoding for some of the remote control 
functions. The circuit generates 96 alphanumeric and 64 graphic characters. In addition there are 32 
control characters which determine the nature of the display. 

The SAA5050 is suitable for direct connection to the SAA5010, SAA5012, SAA5020 and SAA5040 
Series integrated circuits. 

The basic input to the SAA5050 is the character data from the teletext page memory. This is a 7 bit 
code. Each character code defines a dot matrix pattern. The character period is 1 us and the character 
dot rate is 6 MHz. The timings are derived from the two external input clocks F1 (1 MHz) and TR6 

(6 MHz) which are amplified and re-synchronised internally. Each character rectangle is 6 dots wide 
by 10 TV lines high. One dot space is left between adjacent characters, and there is one line space 

left between rows. Alphanumeric characters are generated on a 5 x 9 matrix, allowing space for 
descending characters. Each of the 64 graphic characters is decoded to form a 2 x 3 block arrangement 
which occupies the complete 6 x 10 dot matrix (Fig.9). Graphics characters may be either contiguous 
or separated (Fig.10). The alphanumeric characters are character rounded, i.e. a half dot is inserted 
before or after a whole dot in the presence of a diagonal in a character matrix. 

The character video output signals comprise a monochrome signal and RGB signals for a colour 
receiver. A blanking output signal is provided to blank out the television video signal under the control 
of the PO and DE inputs and the box control characters (see Table 3). 

The monochrome data signal can be used to inlay characters into the television video. The use of the 
32 control characters provides information on the nature of the display, e.g. colour. These are also 
used to provide other facilities such as ‘concealed display’ and flashing words etc. The full character 
set is given in Table 1. 
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HANDLING 


Product Specification 


SAA5050/55 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices (See ‘Handling MOS 


Devices’), 


RATINGS Limiting values in accordance with the Absolute Maximum System, (1EC134) 


Voltages (with respect to pin 1) 
Supply voltage (pin 18) 
Input voltages (all inputs + input/output) 
Output voltage (pin 16) 
(all other outputs ) 


Temperature 
Storage temperature range 
Operating ambient temperature range 


CHARACTERISTICS 
Supply voltage (pin 18) 


The following parameters apply at Tamp = 25 OC and Vpp = 5 V unless otherwise stated. 


Supply current 


Inputs 

Character data D1 to D7 (pins 4 to 10) 
Input voltage; HIGH 

Input voltage; LOW 


Clock inputs F1 (pin 20) TR6 (pin 19) 
Input voltage; HIGH 
Input voltage; LOW 


Logic inputs 


DATA (pin3) DEW (pin 13) LOSE (pin 26) 


DLIM (pin11) CRS (pin 14) PO (pin 27) 
GLR (pin 12) BCS (pin 15) DE (pin 28) 


Input voltage; HIGH 
Input voltage; LOW 


All inputs 
Input leakage current (Vj = 5.5 V) 
Input capacitance 


September 1985 


min. typ. max, 
VDD —0.3 — 7.5 
V\ —0.3 _ 7.5 
V016 —0.3 - 7.5 
Vo —0.3 — 14.0 

min. typ. max. 
VoD 4.5 — 5.5 
lDD — 85 160 
Vin 2.65 a VDD 
VIE 0 = 0.6 
Vin 2.65 — VDD 
VIL 0 — 0.6 
VIH 2.0 = VDD 
VIL 0 _ 0.8 
liR -- — 10 
C\ —_ — 7 
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CHARACTERISTICS (continued) 


Outputs 


Character video outputs + Blanking output (open drain) (note 3) 


B — (pin 22), G — (pin 23), R — (pin 24), Y — (pin 21), 


Blanking (pin 25) 
Output voltage; LOW (Io, = 2 mA) 
Output voltage; LOW (Io, = 4 mA) 
Output voltage; LOW (Io, = 6 mA) 
Output voltage; HIGH (note 5) 
Output load capacitance 
Output fall time 
Variation of fall time between any outputs 


TLC (pin 16) 
Output voltage; LOW (Io, = 100 uA) 
Output voltage; HIGH (—IQH = 100 yA) 
Output load capacitance 
Output rise time 


Output fall time and 2.0 V levels 


Input/output 


SI (pin 2) (open drain) 

‘Input voltage; HIGH 

Input voltage; LOW 

{nput leakage current (Vj = 5.5 V) 
Input capacitance 

Output voltage; LOW (Io, = 0.4 mA) 
Output voltage; LOW (Io, = 1.3 mA) 
Output load capacitance 

Output voltage; HIGH state (note 2) 


VOL 
VOL 
VOL 
VOH 
CL 


| note 1 'f 


Measured between0.8V | t, 


| te 


5-489 


min. 


typ. 


Product Specification 


SAA5050/55 
max. 
0.5 V 
1.0 V 
2.0 V 
13.2 V 
15 pF 
30 ns 
20 ns 
0.5 V 
VDD V 
30 pF 
1.0 MS 
1.0 Us 
6.5 V 
0.8 V 
10 BA 
7 pF 
0.5 V 
1.0 Vo 
45 pF 
6.5 V 
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Timing characteristics , 
For typical display of 40 characters per line. Line rate = 64 us. Field rate = 20 ms. 


Character data timing (Fig.4) 


min typ. max 

TR6 rising edge to F1 falling edge tp 6 = 60 ns 
TR6 frequency fT RE — 6 — MHz 
TR6 mark/space ratio 40:60 — 60:40 
F1 frequency fry — 1 — MHz 
F1 mark/space ratio 40:60 = 60:40 
Data set-up time tcps 80 — — ns 
Data hold time tCDH 100 — — ons 
Delay time — character in/ | Graphics tCDG = 2.6 = US 

character data at outputs J Alphanumerics tcDA _ 2.767 is us 
Display period timing (Fig.5) 
F1 falling edge to LOSE rising edge tLDH 0 _ 250 ns 
F1 falling edge to LOSE falling edge tLDL 0 _ 250 ns 
LOSE rising edge to ‘Display on’ tpON — 2.6 — us 
LOSE falling edge to ‘Display off’ 3 topOFF — 2.6 — MSs 
‘Display period’ tpp — 40 — LS 
Line rate timing (Fig.6) 
F1 rising edge to GLR falling edge toGL 0 — 200 ns 
F1 rising edge to GLR rising edge toGH 0 — 200 ns 
GLR LOW time tcLp — 1 — Us 
Line start* to GLR falling edge tGLR = 5 — ys 
Line start™ to LOSE rising edge tls. — 14.5 — ys 
LOSE falling edge to Line start* tLLs — 9.5 — Es 
Line period tLNP — 64 — us 
LOSE HIGH time tLHP — 40 — MS 
Remote data input timing (Fig.8) 
Assuming F1 period = 1 us and GLR period = 64 us 
DLIM clock HIGH time tcH 6.5 8 (note 4) us 
DLIM clock LOW time teL 3.5 8 60 us 
DATA to DLIM set-up time tps 0 14 — Us 
DLIM to DATA hold time tpH 8 14 — ps 


*Taken as falling edge of ‘line sync’ pulse. 
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Notes to characteristics 

1. Fall time, t¢ and A ts, are defined as shown and are measured using the circuit shown below: 
t¢ is measured between the 9 V and 1 V levels. 
A tg is the maximum time difference between outputs. 


D8067b 


Fig.3 


2. Recommended pull-up resistor for SI is 18 kQ. 

3. The R,G, B, Y and blanking outputs are protected against short circuit to supply rails. 

4. There isno maximum DLIM cycle time, provided the DLIM duty cycle is such that the tcL max 
requirement is not exceeded. 


5. With maximum pull-up voltage applied to R, G, B and BLAN outputs the leakage current will not 
exceed 20 vA with the outputs in the OFF state. 


SPECIAL FEATURES 


Flash oscillator 
The circuit generates a 0.75 Hz signal with a 3:1 ON/OFF ratio to provide the flashing character 


facility. 
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Power-on-reset 


When the supply voltage is switched on, the character generator will reset to tv, conceal, and not 
superimpose modes. 


Character rounding 

The character rounding function is different for the small and double height characters. In both cases 
the ROM is accessed twice during the character period of 1 us. The dot information of two rows is 
then compared to detect the presence of any diagonal in the character matrix and to determine the 
positioning of the character rounding half dots. 

For small characters rounding is always referenced in the same direction (i.e. row before in even fields 
and row after in odd fields as determined by the CRS signal). 

For double height characters rounding is always referenced alternately up and down changing every 
line using an internally generated signal. (The CRS signal is ‘O’ for the odd field and ‘1’ for the even 
field of an interlaced tv picture). 


Graphics decoder 

The 64 graphics characters are decoded directly from the character data inputs and they appear on a 
2x 3 matrix. Figure 9 gives details of the graphics decoding. 

APPLICATION DATA 

The function is quoted against the corresponding pin numbers 


Pin No. 
1. Vss Ground - 0 V 
2. Si Superimpose 


This is a dual purpose input/output pin. The output is an open drain transistor (capable of 
sinking current to Vss), which is in the conducting state when superimpose mode is 
selected. This allows contrast reduction of the tv picture in superimpose mode if required. 
If the pin is held LOW, the internal ‘tv mode’ flip-flop is held in the ‘text’ state. This is for 
VDU applications when the remote control is not used. 


3. DATA Remote control data 


This input accepts a 7-bit serial data stream from the remote control decoder. This data 
contains the teletext and viewdata remote control functions. The nominal data rate is 
32 ps/bit. The command codes used in the SAA5050 are shown in Table 2. 

4,5,6 D1 to D7 Character data 


These inputs accept a 7-bit parallel data code from the page memory. This data selects the 
alphanumeric characters, the graphics characters and the control characters. The alphanumeric 
addresses are ROM column addresses, the graphics and control data are decoded internally. 


11. DLIM 


This input receives a clock signal from the remote control decoder and this signal is used to 
clock remote control data into the SAA5050. The positive-going edge of every second clock 
pulse is nominally in the centre of each remote control data bit (Fig.8). 


12 GLR General line reset 


This input signal from the SAA5020 Timing Chain is required for internal synchronisation of 
remote control data signals. 


13. DEW Data entry window 


This input signal from the SAA5020 Timing Chain is required to reset the internal ROM row 
address counter prior to the display period. It is also used internally to derive the ‘flash’ 
period. 
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APPLICATION DATA (continued) 


14. 


15. 


16. 


18. 


19. 


20. 


21. 


22,23, 


24. 


25. 


26. 


27. 


28. 


CRS Character rounding select 

This input signal from the SAA5020 Timing Chain is required for correct character rounding 
of displayed characters. (Normal height characters only). 

BCS Big character select 

This input from the SAA5040 Teletext Acquisition and Control device allows selection of 
large characters by remote control. 

TLC Transmitted large characters 

This output to the SAA5020 Timing Chain enables double height characters to be displayed 
as a result of control characters stored in the page memory. 

Vpp + 5 V supply 

This is the power supply input to the circuit. 

TR6 

This input is a6 MHz signal from the SAA5020 Timing Chain used as a character dot rate 
clock. 

F1 


This input is a 1 MHz equal mark/space ratio signal from the SAA5020 Timing Chain. It is 
used to latch the 7-bit parallel character data into the input latches. It is also used to synchron- 
ise an internal divide-by 6 counter. The F1 signal is internally synchronised with TR6. 


Y Output 


This is a video output signal which is active in the HIGH state containing character dot 
information for tv display. 
The output is an open drain transistor capable of sinking current to Vss 


B,G,R outputs 

These are the Blue, Green and Red Character video outputs to the tv display circuits. They 
are active HIGH and contain both character and background colour information. 

The outputs are open drain transistors capable of sinking current to Vss. 


BLAN Blanking 


This active HIGH output signal provides tv picture video blanking. It is active for the duration 
of a box when Picture On and Display Enable are HIGH. It is also activated permanently for 
normal teletext display when no tv picture is required (PO LOW). The output is an open 
drain transistor capable of sinking current to Vgs. Full details given in Table 3. 


LOSE Load output shift register enable 

This input signal from the SAA5020 Timing Chain resets the internal control character 
flip-flops prior to the start of each display line. 

This signal also defines the character display period. 

PO Picture On 

This input signal from the SAA5040 Teletext Acquisition and Control device is used to 
control the character video and blanking outputs. When PO is HIGH, only text in boxes is 
displayed unless in superimpose mode. The input is HIGH for tv picture video on, LOW for 
picture off. See Table 3. 

DE Display enable 

This input signal from the SAA5040 Teletext Acquisition and Control device is used to 


enable the teletext display. The input is HIGH for teletext display enabled. LOW for display 
cancelled. See Table 3. 


5-493 September 1985 


G86l Jequie}deg 


v6v-S 


- character 


M81—1065/4 


data imputs 
D1—D7 


character ‘n’ display period 
for graphics 


character ‘n’ display 
period tor | 
‘CDA alphanumerics 


Fig.4 Character data timing (for typical 40 character display) 
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Fig.6 Line rate clocks (for line period of 64 ys) 
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Fig.7 Field rate clocks (for field period of 20 ms, 312% lines per field) 
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DLIM 
DATA 
Date may Bit7 at i Bit 2 \y Bit 3 nie Bit 4 \ Bit 5 i Data may 
\change bl \ I / \change 


| | pes36/a 


lines 


L. 


Each cell is illuminated if particular ‘bit’ (b1, bz, b3, b4, bs, or b7) isa ‘1’. 


For graphics characters bg is always a ‘1’ — See Table 1. 


Fig.9 Graphics Character 
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TABLE 1 


Character data input decoding 
08068a 


D6, = 


By 1Bs 1a, Pil os ca 


‘Graphics 
Yellow 


Graphics 
Blue 


Graphics 
Magenta 


on! 
on 
OH 
a 


Graphics 
Cyan 


Graphics 
White 


Conceal 
Display 


K* 
Contiguous 
Graphics 


x Separated 
Graphics 


Double 
Height 


Control characters shown in columns 0 and 1 are normally displayed as spaces. 
The SAAS050 character set is shown as example. Details of character sets are given in Figs. 11 and 12. 


* These control characters 
are reserved for compatability Codes may be refered || Character rectangle 
with other data codes. to by their column and | 
** — These control characters row e.g. 2/5 refers to % Black represents display colour. 
are presumed before each 
row begins. | White represents background. 
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TABLE 2 
Remote control command codes used in the SAA5050 


CODE 


b7 bg bs bg bz bo by COMMAND FUNCTION 
O xX X X XK XK X ‘tv’ mode Allows text on top row of display only. 
1% X X XK XK xX ‘Text’ mode Allows text throughout display period. 
1 O 1 #71 +71 ~=+71 = =~0 Superimpose Sets Superimpose mode. 
1 O 1 1 1 ~~ 1 teletext Resets Superimpose mode. 
O Wh X X XK XK X ‘tv’ mode Resets Superimpose mode. 
1 #141 xX X KX XK X viewdata mode Resets Superimpose mode; 
1 xX 0 0 1 1 =O Reveal Reveals for time-out (notes 3, 4). 
1 xX O 1 0 71 1 Reveal set Sets Reveal mode (note 3). 
Any command apart from reveal set. Resets Reveal mode (note 3) 


X = Don’t care. 


Notes 

1. When the power is applied the SAA5050 is set into the ‘tv’ mode and reset out of Superimpose and 
Reveal modes. 

2. ‘Text’ mode is selected when SI (pin 2) is held LOW 

3. Reveal mode allows display of text previously concealed by ‘conceal display’ control characters. 

4. This code is sent from the SAA5010 or the SAA5012 Series as a repeated command. Thus Reveal 
mode is set for as long as the Reveal key is depressed. The SAA5050 reverts to normal ‘not Reveal’ 
mode 160 ms after the last Reveal command. 

5. The Superimpose output is LOW only if Superimpose mode is set and the DE (display enable) input 
is HIGH. 

6. The above table shows code required for functions specified. 


The SAA5010 or the SAA5012 Series transmits and the SAA5050 requires the inverse of these codes 
i.e. b7 to by. The code is transmitted serially in the following order: b7 by bo bz by bs bg. 
For full details of remote control data coding see the SAA5010 or the SAA5012 data sheets. 
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TABLE 3 
Conditions affecting display (see note 3) 


Inputs Control data - Outputs 


Blanking 


Picture On Display Enable Superimpose Text Display Enabled 
(PO) (DE) Mode (i.e. R,G,B,Y outputs) 
(a) 1 0 0 
(b) 0 1 1 
(c) 0 O (note 2) 1 
(d) 1 0 0 
(e) 1 1 0 
(f) 1 1 1 
(g) 1 1 1 
Notes 


1. For tv mode (Picture On = ‘1’, Superimpose mode not allowed) rows (a), (d) and (g) of Table 3 
refer to display row 0 only. For all other rows text display is disabled and Blanking = ‘0’. 


2. TheR, G, B outputs may contain character and background colour information. The only 
exception is that background colours are inhibited when Blanking = ‘0’, 


3. Valid during display period only (see Fig.5) otherwise no character or background information 
is displayed as blanking is determined by the Picture On. (No blanking if PO = ‘1’). 
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Fig. 11 SAA5050 character set (English). 
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Fig. 12 SAA5055 character set (US ASCII). 
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Microcomputer / Microprocessor Peripheral 
for Viewdata (LUCY) SAASO70 


The SAA5070 is a complex microcomputer/microprocessor peripheral integrated circuit in N-channel 
MOS technology intended for use in wired data communication systems, notably viewdata. 


Features 
Microcomputer/microprocessor interface. @ Modem — both 1200/75 and 1200/1200 baud. 


@ 
@ Line “UART” and tape recorder “‘UART”, both with software parity control (or 8-bit without parity). 
@ Tape recorder modem (modified ‘Kansas City’ standard 1300 baud). 

@ Autodialler for British Post Office and Continental requirements. 

@ IBUS receivers and transmitters. ©@ Timer circuits (60 s and 1.5 s time-outs). 

® 
@ 


General input/output ports. 
Provision for connection of any external modem through V24 interface. 


QUICK REFERENCE DATA 


Supply voltage Vpp nom. 5 V 
Supply current IDD typ. 75 mA 
Operating ambient temperature range Tamb —20 to +70 oC 
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< atc ~ Qo a 
ig 282 (2 e 
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COMMAND 
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O O 
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Fig.1a Simplified block diagram 


PACKAGE OUTLINE 
40-lead DIL; plastic (SOT—129). 
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DESCRIPTION 


The SAA5070 is a 40 pin integrated circuit in N-channel MOS with a 1 MHz clock supplying all the 
operating frequencies. It performs most of the hardware functions of a viewdata terminal including an 
autodialling circuit, a 1200 baud demodulator and asynchronous receiver, and a 75/1200 baud modulator 
and asynchronous transmitter. 

The device also includes a tape interface circuit suitable for the recording of character codes of pages of 
text on a standard audio cassette recorder, and an IBUS receiver and receiver/transmitter on separate 
ports enabling the software recoding of IBUS transmissions. The 75 baud modulator and asynchronous 
transmitter can be switched to operate at 1200 baud for private telecommunications systems. 

There are also two general purpose input/output ports. Port A could, for example, be used as an interface 
to a non volatile RAM which can store telephone numbers for autodialling and user passwords and Port B 
could be used for display control. 

The SAA5070 has been partitioned for flexibility of use, e.g. an external modem can be used, if required, 
in conjunction with the internal asynchronous receiver and transmitter, or the internal modem can be used 
independently of the internal receiver and transmitter. Also the tape interface can work independently of, 
and simultaneously with, the line receiver. 


HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices. (See ‘HANDLING 
MOS DEVICES’). 


RATINGS Limiting values in accordance with the Absolute Maximum System (1EC134). 


Voltages (with respect to pin 1) min. typ. max. 
Supply voltage (pin 20) Vpp -0.3 a 75 NV 
Input voltage: 

PORT A (pins 15 to 10) and PBO (pin 24) Vi —0.3 _ 14.0 V 
Input voltage (all other pins) Vy; —0.3 — 7.5 V 
Temperatures 

Storage temperature range Tstg —20 to +125 
Operating ambient temperature range Tamb —20to+70 °C 


CHARACTERISTICS 
Supply voltage (pin 20) Vpp 4.5 _ 5.5 V 


The following characteristics apply at Tampb = 25 OC and Vpp = 5 V unless otherwise stated. 


Supply current IDp — 75 150 mA 
Inputs 

All inputs (except F1 clock) 

Input voltage; LOW VIL —0.3 — 08 V 
Input voltage; HIGH ViH 2.0 _ 5.5 V 
Input leakage current (Vj =0 to 5.5 V) lip _ —_ 10 wA 
Input capacitance C| — — 7 pF 


5-507 September 1985 


Signetics Linear Products Product Specification 


Microcomputer / Microprocessor Peripheral 


for Viewdata (LUCY) SAASO70 
Data specific to certain inputs 
min. typ. max. 

F1 (1 MHz) Clock 
Input voltage; LOW VIL —0.3 _ 06 V 
Input voltage; HIGH Vi 2.2 — 55 V 
Input leakage current (V; = 0 to 5.5 V) lip — _ 10 pA 
Input capacitance C\ — — 7 pF 
Mark/space ratio (measured at 1.5 V level) 40:60 — 60:40 
DATA A, DLIM A/DLEN A (IBUS A) 
Data set up time | tps 3 = — 4s 
Data hold time Fig.14 tpH 3 = — us 
DLIM clock; HIGH tcH 4 — — ps 
DLIM clock; LOW te. 4 _ 62 ws 
Time between commands tBc 140 _ co oS 
DLIM frequency | | foLIM 16 = 160 kHz 
ALE (Address Latch Enable) (Figs. 3 and 4) 
Pulse width (HIGH) | tALEH 400 — — ons 
Cycle time TALE — 2500 — ons 
RD, WR and CS _ (Figs. 3 and 4) 
Control pulse width WL 7 700 —- ns 
Address hold time tLA 80 — —- ons 
Address set-up time tAL 120 = — ons 
Read cycle timings (Fig.3) 

ALE to read pulse delay time tALR 80 ~ — ons 
Read pulse (falling edge) 

to data bus delay time trp — _ 500 ns 
Data hold time tor 0 — 200 _ sins 
Write cycle timings (Fig.4) 

ALE to write pulse delay time tALW 80 — — ns 

Address set-up time to WR taw 930 - —- ns 

Data set up time before WR tow 500 _ — ons 

Data hold time after WR tWD 120 _ — ns 
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RD (or CS) ay. 
Fig.3 Read cycle timing 
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Fig.4 Write cycle timing 
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Inputs/Outputs 
These are protected against connection to Vss or Vpp 
DATA B, DLIM B, DLEN B, !BCLCK (IBUS B) oe 
Input voltage; LOW VIL —0.3 - 08 V 
input voltage; HIGH Vin 2.0 — 55 V 
Input leakage current (Vj =0 to 5.5 V) | 
3 state buffers off | _ —_ 10 A 
(3 state ¢ ers off) Fig. 14 IR a 
Input capacitance C; — _ 7 pF 
Output voltage; LOW (Io, = 1.6 mA) VOL — — 04 $V 
Output voltage; HIGH (—IQy = 200 nA) VOH 2.4 _ —- V 
Output rise and fall times (C; = 300 pF) ty : 
= i ed 
i 


other timings as IBUS A 


DOCDI (open drain output) 


Input voltage; LOW VIL —0.3 — 08 V 
Input voltage; HIGH VIH 2.0 — 55 V 
Input leakage current; (V; = 0 to 5.5 V) 

(output transistor off) liR _ 0.4 10 wA 
Input capacitance C\ — — 7 =pF 
Output voltage; LOW (Io, = 1.6 mA) VOL _ 0.4 - Vv 
TXDATA 
(Internal resistive pull-up, permitting wired - AND connection) 

Input voltage; LOW VIL —0.3 = 08 V 
Input voltage; HIGH ViH 2.0 _ 5.5 V 
Input current; LOW (V;=0.4 V) lie _ — 500 yA 
Input capacitance C; — — 7 pF 
Output voltage; LOW (Io, = 1.6 mA) | VOL — — 04 V 
Output voltage; HIGH (—IGQ} = 50 HA) VOH 2.4 — - Vv 
Load capacitance CL — — 40 pF 
Output rise time (Cy, = 40 pF) tr — 3 — us 


PAO to PA4 (PORT A) (open drain output) 


Input voltage; LOW VIL —0.3 — 08 V 
Input voltage; HIGH Vin 2.0 — 13.2 V 
Input capacitance C; _ “ 7 pF 
Output voltage; LOW (lo, = 1.6 mA) VOL _ _ 04 V 
Off state leakage current (Vj; = 0 to 13.2 V) loR _ _ 10 wA 
Load capacitance CL — _ 40 pF 
Fall time tf - _ 1 sous 
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Inputs/Outputs (continued) min. typ. max. 
PBO (PORT B) (open drain output) as PORT A except 
Output voltage; LOW (Io, = 1.6 mA) VOL _ — 04 V 
Output voltage; HIGH VOH — _ 13.2 V 
Load capacitance CL — — 100 pF 
PB1 to PB3 (PORT B) 
Input voltage; LOW VIL —0.3 — 0.8 V 
Input voltage; HIGH VIH 2.0 see 5.5 V 
Input capacitance C| — — 7 pF 
Load capacitance Cy — — 100 ~pF 
Output voltage; LOW (Io, = 1.6 mA) VOL — — 04 \V 
Off state leakage current (Vj = 0 to 5.5 V) IOR _ — 10 wA 
DO to D7 (8-bit Data bus) 
Input voltage; LOW VIL —0.3 — 08 V 
Input voltage; HIGH VIH 2.0 = 5.5 V 
Output voltage; LOW (Io, = 1.6 mA) VOL — — 04 V 
Output voltage; HIGH (—IQp = 200 nA) VOH 2.4 —- - Vv 
Input leakage current (V; = 0 to 5.5 V) 

(3-state buffers off) liR — — 10 yA 
Input capacitance C; — — 7 pF 
Output rise and fall times (Cy = 150 pF) tr = = 150 ns 

tf 
Outputs 
These are protected against connection to Vss or Vpp. 
FSKOUT and TFSKOUT 
Output voltage; LOW (Io, = 1.6 mA) VOL _ — 04 V 
Output voltage; HIGH (—IQp = 200 vA) VOH 2.4 — ~_ V 
Rise and fall times (Cy = 100 pF) ty | _ — 500 sons 
t 
DON and IMP : 
Output voltage; LOW (Io, = 50 uA) VOL — — 0.2 V 
Output current; HIGH (Voy = 0.8 V clamped)” IOH 200 — 2000 wA 
Output voltage; HIGH (—IQy = 200 nA) VOH 2.4 _ - Vv 


Autodialling timings are given in Fig.6 


“These outputs are normally intended to drive the base-emitter junction of a bipolar transistor and so 
in normal use the Voy may be clamped to Vp,. 


RESET FUNCTION 

It is possible to reset the SAA5070 to its nominal state either automatically on power-on by means of 
an internal power-on reset circuit, or by setting D5 in command register (R3) to ‘1’, which returns to 
‘0’ on completion of the reset sequence. The device resets to viewdata mode, i.e. 75 baud transmit rate, 
even parity, etc, as shown by the all zero’s state in registers RO to R3, R6, R7 and R8 except for 
LTXRDY, IBTXRDY, and TTXRDY (in the status registers RO and R1) which will come up as ‘1’ after 
the transmitters have been reset, showing that they are ready to accept new data. 
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APPLICATION DATA 

Chip organisation 

Each section of the SAA5070 may be accessed by the microprocessor via a register (of up to 8-bits) 
connected to an internal data bus. There are 15 registers on chip accessed by 11 addresses. Some of 
the registers are two-level, i.e. two bytes of data are transferred by two successive read (or write) 
sequences to the same address, also some read only registers have the same address as a write only 
register. 

An appendix lists the registers, their contents, and their use. 

Section descriptions 

The description of each section includes associated registers, flags, and pins, as well as the method of 
operation. On the following block diagrams external pins are shown boxed and internal flags are shown 
underlined. 


Microprocessor Interface 


DOtoD7 — 1/0 —  8-bit input/output port 

Associated pins: ALE input address latch enable from microprocessor 
WR input write pulse from microprocessor 
RD input read pulse from microprocessor 


CS input chip select 


Operation 


The control microprocessor communicates with the SAA5070 via an 8-bit data |/O port DO to D7. 

An internal read or write pulse is produced by gating RD and WR with CS. A single register is enabled 
onto the internal bus by gating the read or write lines with the address decoder outputs. The register 
address is taken from the 4 least significant data bits latched on the falling edge of ALE. (See timing 
diagrams Figs. 3, 4). The address (D3 most significant, DO least significant) relates directly to the 
register numbers shown in the register map, detailed in the appendix, and referred to in other section 
descriptions. | 


Four registers not specifically related to any one section are included. These are the status registers 

RO and R1, the mode register R2, and the command register R3. These registers are used to determine 
the current status of the device, to dictate the mode of operation or to initiate a specific operation. 
The status registers are read only, the mode and command registers are read/write. When writing to 
these registers, it is recommended that the unallocated bits are set to ‘0’. On reading the registers the 
state of the unallocated bits should be assumed to be random. . The exact functions of the flags 
contained in these registers are described in the section description to which they relate. 


Autodial section (see Fig.5) 


Associated Register: -— R8 — DOto D3 write only 
D4 to D7 read/write 


Associated flags in other registers: None 


Associated pins: DON output | 


| to drive dialling relays 
IMP output {| ancney 
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Operation 

The autodial section includes a clock divider, a digit impulse counter, a sequence controller and an 
impulse generator (see block diagram Fig.5). A sequence to generate the impulses for one digit is 
initiated by setting D5 (DIAL GO) to ‘1 ‘D3 to DO to the binary code of the required digit, and D7 

to the required mode. This initiates the sequence controller which loads the binary code into the 
digit impulse counter. The counter then generates the correct number of impulses at the rate of 10 
per second, together with a DON pulse which overlaps the impulses by about 7 ms at the start and end 
(see Figs.6, 7); the interdigit pause period is also added by the sequence controller. D5 is reset to ‘0’ 
at the end of a dialling sequence and may be read by the microprocessor to determine when the dial 
circuit is free to accept the next digit. 


D7 (UK/EUR) determines the mark/space ratio of the IMP pulses 
UK = 2 off to 1 on both one pulse per 100 ms 

EUR = 1.50fftolon | 

There is a timer in the dial circuit which can be used to time out 1.5 seconds or 60 seconds by setting 
D4 or D6 respectively. These bits are read/write and are reset after the relevant time out period. In 
addition the 60 second timer can be reset by writing a ‘O’ to D6. The 60 second timer may be used 
typically by the microprocessor to release the telephone line if connection has not been made within 
60 seconds. The DON pulse resets the counter so that the time out is taken from the end of the last 
digit dialled. Once a dialling sequence for one digit has been initiated, R8 should be used only in 
read mode until D5 has been reset internally to ‘0’ indicating the end of the dial sequence for that 
digit. 

When D5 (DIAL GO) is set to ‘1’ the carrier detect circuit (see the next section and Fig.8) is disabled. 
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Line Demodulator and Carrier Detect (see Fig.8) 

Associated Register:— None 

Associated flags in other registers: 

LIDCD —- D2 — RO (Status) — instantaneous carrier detect flag 

LDCD — D5 — RO (Status) — carrier detect flag 

75/1200 — Dd — R2 (Mode) — transmit frequency baud rate (used in 


demodulator carrier detect circuit) 


LDBEN —- D4 — R3 (Command) — line demodulator output buffer and carrier 
detect enable 
DIALGO — D5 —  R8 (Dial control) — used to disable carrier detect circuit during 
dialling sequence 
Associated pins: FSKIN — input — filtered, squared F.S.K. signal 
CARDET -— __ input — unfiltered (squared) F.S.K. signal. 
DOCDI — input/output — demodulator output, external LDCD in 
Operation 


The input to the demodulator is the previously filtered and squared up F.S.K. signal from the telephone 
line. Its output is a pseudo analogue signal which must be externally filtered and squared to produce 
the demodulated data. The carrier detect circuit functions in the following modes: 


a) Viewdata mode (1200 baud receive, 75 baud transmit). Initially, a narrow frequency band 
‘window’ around 1300 Hz is accepted as carrier, this must be applied to the CARDET input. Ifa 
frequency in this range is present, the ‘instantaneous carrier detected’ flag will be HIGH (LIDCD), 
after about 2 seconds the ‘line carrier detected’ flag will be set HIGH (LDCD). When this occurs, 
the frequency window is widened to include 2100 Hz and the circuit no longer takes its input from 
the CARDET pin, but from the FSKIN pin. 

If carrier is then removed LIDCD immediately goes LOW, and after about 1 second LDCD is reset, 
the frequency window again becomes narrow and around 1300 Hz and the CARDET input again 
becomes active. Reappearance of carrier in the 1300 Hz range will cause a repeat of the above. 


b) 1200 baud each way mode 
Only the instantaneous carrier detect is active in this mode. LDCD is forced LOW and the CARDET 
input inhibited (only FSKIN should be used in this mode). 


c) External carrier detect input 
lf an external modem is used its (active LOW) carrier detect output is connected to DOCDI. 
Provided that the demodulator is not enabled, LDCD will be set if DOCDI is LOW and reset 
if it is HIGH. 


Demodulator enable 


LDCD is produced by the carrier detect circuit, which is enabled by LDBEN and disabled by DIAL GO, 
In the viewdata mode the demodulator is enabled by LDCD. 
In the 1200 baud each way mode the demodulator is enabled directly by LDBEN. 
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Line Receiver (see Fig.9) 
Associated Register: — R4read only 
Associated flags in other registers: 


LRXRDY — D6 — RO (status) — valid data available in receive holding register 

LFERR — D4 — RO (status) — __ line framing error (derived from STOP bit of 
message). 

LPERR —- D8: — RO (status) — line parity error. 

LPO/E —- D7 — R2 (mode) — oddor even parity detection mode select 

LPEN —- D6 — R2(mode) — _ 8 bit data or 7 bit plus parity mode select 

LRXEN — D7 — R3(command)— __ line receiver enable. 

Associated pins: RXDATA -— input — __ received data input 

Operation 


The receiver may be configured to work with either 7 data bits and 1 parity, or with 8 data bits and no 
parity. Odd or even parity can be detected on chip, the LPERR flag being set when an error is detected. 
The required mode of operation should be selected by setting LPEN and LPO/E to the required states 
by writing to mode register (R2) before enabling the receiver by setting LRXEN to ‘1’ in command 
register (R3). The data format is 10 bits per data word. The data word is made up of a start bit (LOW), 
8 data bits, the 8th being an optional parity bit, and a stop bit (HIGH). The receive data will remain 
HIGH after the stop bit until the next data word. When the receiver has been enabled a negative 
transition is looked for on the RXDATA input indicating a possible start bit. After half a bit rate period 
the data is sampled again and if it is still LOW it is interpreted as a start bit, initiating a sequence which 
clocks the data into a shift register. When the full ten bit message has been received, the 8 data bits are 
parallel loaded into the receiver holding register (R4), the LRXRDY flag is set to ‘1’. The complement 
of the stop bit is loaded into the LFERR latch and the result of the parity check is loaded into LPERR 
latch. If line parity is not enabled i.e. LPEN = ‘1’, then LPERR is held at ‘0’. The LRXRDY flag is 
reset to ‘0’ after the microprocessor has read the receiver holding register (R4). The receiver has a 52 
times baud rate factor to allow for maximum isochronous distortion. 
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Line Transmitter (see Fig. 10) 
Associated Register: — R4 write only 
Associated flags in other registers: 


LTXRDY — D7 — __ RO (status) — transmit holding register ready to accept new 
data 

LPO/E. — D7 — _ R2 (mode) — odd or even parity mode select 

LPEN — D6 — _— R2 (mode) — 8 bit data or 7 bit data with parity mode 
select | 

75/1200 — D5 — _ R2 (mode) — select transmit baud rate 

LTXEN — D6 — _— R83 (command) — line transmitter/modulator output enable 

Associated pins: TXDATA — _ 1/0 — transmitter output (and also modulator input) 

Operation 


The data format of the transmitter is the same as that of the line receiver i.e. 10-bits, a start bit (LOW) 
followed by 8-data bits, the 8th bit being an optional parity (selected by LPEN), odd or even parity 
being selectable (by LPO/E) ending with a STOP bit (HIGH) the output remaining HIGH until the next 
data word is written. 

The transmitter and modulator may be used together or separately. The transmitter output is brought 
to the TXDATA pin (if LTXEN = 1) which is connected internally to the modulator input. The TXDATA 
pin has an internal resistive pull up permitting wire - AND connection. If the modulator is used with an 
off chip data source (e.g. UART) then data should not be written to the internal transmit holding register 
(R4). The STOP bit (HIGH) will then be continuously output when LTXEN = 1 (required to enable 
modulator output) allowing the external UART to control the TXDATA (pin 6). 

To operate the transmitter the required mode should be set-up initially by writing to the mode register 
(R2) the required states of 75/1200, LPEN, LPO/E. The transmitter can then be enabled by setting 
LTXEN to ‘1’ in the command register (R3). The 8-bit data word can then be written to the transmit 
holding register (R4). If parity is enabled then the 8th bit is ignored and the value of the parity bit 
calculated from the first 7-data bits and LPO/E. The LTXRDY flag is set to zero when the holding 
register is written into. If the transmit output shift register is not currently in use the contents of the 
holding register are transferred to the output shift register and LTXRDY returns to ‘1’. This means 
that new data may now be written to the holding register but will not be transferred to the output shift 
register until the 10-bits of the current message have been clocked out. The start, stop, and parity bit 
(if selected) are written into the output shift register with the data word automatically. 

Two transmit baud rates are selectable, 75 baud for viewdata transmissions or 1200 baud for private 
data communication systems. 
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Line Modulator (see Fig.11) 
Associated Register: — None 
Associated flags in other registers: 


75/1200 — D5 —  R2 (mode) — transmit baud rate select. 
LTXEN — D6 — R3(command) — _ line transmitter/modulator output enable. 
Associated Pins: TXDATA — _ 1/O — modulator input (also (on chip) transmitter output). 


FSKOUT — output — __ line modulator output 


Operation 


The modulator generates a pseudo analogue signal from a serial shift register which is parallel loaded 
with patterns from an internal ROM. The frequency of the sine wave is determined by the selected baud 
rate 75/1200, and the value of the data on TXDATA (pin 6). 


1200 baud 
75 baud 


1300 Hz 
390 Hz 


2100 Hz 
450 Hz 


One sine wave cycle is comprised of a 92-bit pattern which after minimal external low pass filtering 
provides a suitable F.S.K. signal out (see Fig.11) 


TX DATA 
data from 
line transmit Y 
shift register 


(wired AND. 
connection) 


system CLOCK SHIFT 
SHIFT OUTPU 
clock DIVIDER REGISTER ‘i LTXEN 
M80—1277/11 


‘Fig.11 Line modulator block diagram 
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Tape section (see Fig.12) 


Associated registers: — R5 — _ Consists of two registers with the same address: 
transmit holding register write only 
receive holding register read only 


Associated flags in other registers: 


TTXRDY — D7 — _ Ril (status) — transmit holding register ready to accept new data 
TRXRDY — D6 —_ Ri (status) — valid data available in receive holding register 
TDCD —~ D5 — _ Ri (status) — tape data carrier detect flag 
TFERR — D4 — _ R11 (status) — tape framing error (derived from STOP bit of message) 
TPERR — D3 —_ R11 (status) — tape parity error 
TPO/E — D3 —  R2 (mode) — odd or even parity mode select. 
TPEN — D2 —  R2 (mode) —  §8-bit data or 7-bit plus parity mode select 
TRXEN — D3 — R3(command) -— _ tape receiver enable 
TTXEN — D2 — R3(command) — _ tape transmitter enable 
Associated pins: TFSKIN — input —  F.S.K. input to tape sections 

TFSKOUT — output — _ F.S.K. modulated data out 
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Operation of tape section (see Fig.12) 


The tape data modulation system is a modified form of the ‘Kansas City’ standard. A logic ‘1’ is 
represented by one cycle of 1300 Hz, and a logic ‘0’ by two cycles of 2600 Hz, the data rate being 
1300 baud. The data format is the same as that for viewdata, i.e. 10-bit words consisting of a START 
bit (LOW), followed by 8-data bits, the 8th being an optional parity bit, ending with a STOP bit (HIGH) 
which is continuous until the next data word. 

To operate the tape section the required parity mode should first be set up by writing the required — 
states of TPEN and TPO/E to the mode register (R2). The TTXEN command enables the output of 
the transmit shift register into the modulator, and should be set before data is written to the transmit 
holding register. (With TTXEN = ‘0’ the modulator outputs a continuous 1300 Hz signal ‘1’). When a 
data word is written to the transmit holding register the TT XRDY flag is reset to ‘O’. If the transmit 
shift register is not currently active the contents of the holding register, along with valid parity bit 

(if enabled) and the START and STOP bits are transferred to the transmit shift register, at the same 
time TTXRDY is set to ‘1’. The holding register is then free to accept new data but this will not be 
transferred to the shift register until the current data has been clocked out. Data should be written to 
the tape transmit holding register, therefore, only when TTXRDY = ‘1’. 

The modulator produces 1300 Hz and 2600 Hz signals which occur synchronously with the data from 
the transmitter. Hence a ‘1’ is one complete 1300 Hz cycle, and a ‘0’ two complete 2600 Hz cycles. 
The modulator output, TFSKOUT, requires minimal external low pass filtering to produce data 
suitable for audio cassette tape recorders. 

To overcome the tendency of cassette recorders to attenuate high frequencies, the 1300 Hz signal 
contains 2 us wide attenuating pulses every 12 us. This reduces the 1300 Hz signal by approximately 
3 dB relative to the 2600 Hz signal after external filtering. 

The data rate of 1300 baud is slightly faster than the 1200 baud line receive rate, allowing incoming 
data from the line to be transferred simultaneously (via the microprocessor) to tape. 


The TFSKIN input accepts the previously filtered and squared data from the tape recorder. The 
demodulator uses the fact that the modulated data is in phase with clock to regenerate the clock 

from the data. This permits a wide tolerance on replay speeds. A carrier detect circuit is included 

which sets the TDCD flag to ‘1’ if carrier (1300 Hz or 2600 Hz) is valid for 100 ms. If carrier is 

lost for 100 ms the TDCD flag is reset to ‘0’. This flag may be read by the microprocessor to determine 
when to enable the tape receiver by setting TRXEN to ‘1’. 

If TRXEN is set, then on detection of a start bit (LOW) data is shifted into the tape receive shift register 
by the clock which has been extracted from the data. After ten clocks, the contents of the shift register 
are transferred to the receive holding register. At the same time the complement of the STOP bit is 
loaded into the TFERR latch, the results of the parity calculation loaded into the TPERR latch, and 
TRXRDY is set to ‘1’. The TRXRDY flag is read by the microprocessor to identify when valid data is 
in the holding register and is reset to ‘O’ when the holding register (R5) is read. 
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IBUS A receiver and IBUS B receiver/transmitter (see Fig.13) 


Associated registers: 


Receiver A (2 bytes) — R10 — read only 
Receiver B (2 bytes) — R11 — readonly 
Transmitter B (2 bytes) — R11 — write only 


Associated flags in other registers: 


IBRXRDY — D1 — RO (status) — valid data available in receiver B holding register 
IBTXRDY — DO — RO(status) — transmitter B holding register ready to accept 

: new data 
IARXRDY — D1 — RY1 (status) — valid data available in receiver A holding register 
CLCK IN/OUT — D1 — R3(command) —_ input/output control for 62.5 kHz pin 
DLEN A/DLIMA — DO — R3 (command) — 3-line/2-line control for IBUS A receiver. 


Associated pins: 


DATAA — input — receiver A data input 

DLIMA/DLEN A — input — receiver A data clock or bus enable signal 

DATAB — 1/0 — receiver B data input/transmitter B data output 

DLIM B — I/O — receiver B data clock input/transmitter B data clock output 
DLENB —  |/O — receiver B bus enable input/transmitter B bus enable output 
IBCLCK —~ 1/0 — 62.5 kHz clock input/output 


Operation 


All three IBUS circuits (receiver A, receiver B, and transmitter B) are capable of handling variable length 
codes from 1 to 12 bits. (In fact 15 bits can be transmitted 12 being data the rest being trailing zero’s, and 
15 bits may be received but only the last 12 being retained). Each of the three circuits.have two 8-bit 
registers which are accessed by two successive read or write operations to the same address. There is a 
pointer for each pair of registers which selects the first or second byte. The pointers act in a bistable 
fashion with each access and are reset to point to the first byte with power on, D5 set in R3, or by 

reading either of the status registers RO and R1. The two bytes of data in each holding register contain 

12 bits of message, and 4-bits which specify the word length of message. For the transmitter the word 
length is used to generate the correct number of data clocks, for the receivers it may be used to identify 
the source of the message, or to establish that the message was a valid length. 


The contents of each receiver vei a is ais as: 


1st byte D7 DO 
2nd byte D/ D1 DO 


RXA — R10B Word length Word length 
RXB —R11B MSB Word mon Word length 


Where L, L — 1 etc. means last data bit received, last minus one etc. 
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Fig. 13 IBUS block diagram 
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For the transmitter the register pair is organised as: 


1st byte D7 D6 D5 D4 D3 D2 D1 DO 


TXB — R11B oe Word length | Word length | length | Word length aay 12 11 fo 9 


Where 1, 2, etc. means first data bit transmitted, second data bit transmitted, etc. 


IARXRDY or IBRXRDY (D1 in status registers R1 and RO) are set when a message has been received 

by RXA or RXB respectively. These flags also inhibit the receive holding registers from being overwritten 
by subsequent messages until the holding registers have been read. Reading a holding register pair will 
reset the relevant IARXRDY or IBRXRDY flags. 
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Transmitter B is initiated by writing two bytes to the transmit holding register (R11). This sets IBTXRDY 
to ‘0’. The DLIM line is sampled to detect the line busy state, and when the line is free a time out starts. 

If further DLIM’s are detected before the end of the time out period the time out is reset and the sequence 
will begin again. When the time out has been completed the contents of the holding register are transferred 
to the output shift register and word length counter. The data and correct number of data clocks are then 
transmitted, at the completion of which IBTXRDY is returned to a ‘1’. New data should not be written to 
the transmit holding register (R11) while IBTXRDY = ‘0’. If the line is busy when a transmission is 
‘requested, the transmission will not start until 300 — 330 ys after the line becomes free (last DLIM). 
Receiver B is inhibited from receiving data transmitted by transmitter B. 

Receiver A may operated either as a two line receiver with DATA and DLIM, or as a three line DATA, 
DLEN and CLK receiver. DLIM A/DLEN A use the same pin, the function of which is selected by the 
DLEN A/DLIM A command DO, register R3 (command). 

The 62.5 kHz clock (pin IBCLCK) may be used either as an input for receiver A (as described above), 

or to synchronise transmitter B outputs, or as an output synchronous with transmitter B. The function 

is selected by CLCK IN/OUT command D1 in R3 
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Fig. 14 IBUS waveforms 
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PORT A 
Associated register: R6 — bitsOto4 -—_ read/write 


Associated pins: PAO to PA4 


Operation 


This is a 5-bit general purpose input/output port. The outputs are latched and are open drain up to 
nominal 12 V. 

The latches may be accessed by the microprocessor via BUS DO to D7 by a read or write sequence 

to register R6. If any pin of the port is used as an input then its output latch must first be written with 
a‘1’. This allows the external circuit to control the pin. The state of the pins may be read by the 
microprocessor by reading R6. If the supply to the open drain outputs is turned on before the Vpp 
supply to the IC, then the PORT must first be cleared by writing 1’s to the output latch before 
operation. 

PORT A might typically be used in viewdata mode as an interface to a non-volatile memory in which 
telephone and password numbers may be stored. 


PORT B 
Associated register: R7 — bitsOto3 — _ read/write 
Associated pins: PBO to PB3 


Operation 


This is a 4-bit general purpose input/output port. It behaves in exactly the same way as PORT A except 
that access is by addressing R7, and that outputs PB1 to PB3 are open drain to nominal 5 V. PBO is 
open drain to nominal 12 V, and might typically be used in combined teletext/viewdata applications to 
control the Picture On function. 
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For details of bit movement in R10 and R11 see discussion of IBUS operation. A mnemonic list for use with this register map and Fig.1b 
is given on the next page. 
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MNEMONIC LIST 


ALE 

CLCK IN/OUT 
CPNTR 

DLEN A/DLIMA 
DON 

IMP 
IARXRDY 
IBRXRDY 
IBTXRDY 
LDBEN 

LDCD 

LFERR 
LIDCD 

LPEN 

LPERR 


LPO/E 
LRXEN 
LRXRDY 
LTXEN 
LTXRDY 
SRn 
TDCD 
TFERR 
TPEN 
TPERR 
TPO/E. 
TRXEN 
TRXRDY 
TTXEN 
TTXRDY 
UK/EUR 
75/1200 
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address latch enable from microprocessor 

input/output control for 62.5 kHz clock pin 

pointer signal for two byte registers 

three line/two line control for IBUS A receiver 

dial off normal relay control for dialling 

impulsing relay control for dialling 

IBUS A receiver ready — data available 

IBUS B receiver ready — data available 

IBUS B transmitter ready — previous transmission complete 
line demodulator output buffer enable 

line data carrier detected 

line receiver framing error — received stop bit not HIGH 
line instantaneous data carrier detect 

line parity enable command | 

line receiver parity error flag 


line parity odd/even command 

line receiver enable 

line receiver ready — data available 

line transmitter and modulator enable 

line transmitter ready — transmit holding register empty 
select register ‘n’ 

tape data carrier detected 

tape receiver framing error — received stop bit not HIGH 
tape parity enable command 

tape receiver parity error flag 

tape parity odd/even command 

tape receiver enable | 

tape receiver ready — data available 

tape transmitter enable 

tape transmitter ready — transmit holding register empty 
impulsing ratio control for UK and European standards 


baud rate selection command for line modulator and line transmit shift 
register 
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The SAA5230 is bipolar integrated circuit intended as a successor to SAA5030. It extracts teletext data 
from the video signal, regenerates teletext clock and synchronizes the text display to the television 
syncs. The integrated circuit is intended to work in conjunction with CCT (Computer Controlled 


Teletext), EUROM or other compatible devices. 


Its main functions are: 
@ Adaptive data slicer 
@ Data clock regenerator 


@ Sync separator, line phase detector and 6 MHz VCO forming display phase locked loop (PLL) 


QUICK REFERENCE DATA 


Supply voltage 

Supply current 

Video input amplitude (pin 2 LOW) 
Video input amplitude (pin 2 HIGH) 
Storage temperature 

Operating ambient temperature 


PACKAGE OUTLINE 
28-lead DIL; plastic (SOT-117). 
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Vcc typ. 12 V 
Icc typ. 70 mA 
V27(p-p) tvP. i” 
V27(p-p) tYP. 2,9 V 
T stg —55 to +150 °C 


Tamb —25to +70 °C 
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Fig. 1 Block diagram. 
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sync output 


video input level select 


HF filter 
store HF | 4 | 


store amplitude 


store zero level 6 | 


external data input 
SAA5230 


16 | 


text composite sync input (TCS) 
or ae 
scan composite sync input (SCS) 


composite video input 


black level 


video composite sync output 
(VCS) 


pulse timing capacitor 
pulse timing resistor 
sandcastle input 

filter 1 

oscillator input 

filter 2 

oscillator output 

6 MHz output (F6) 
supply Vcc 


data output (TTD) 
7291272 


Fig. 2 Pinning diagram. 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage (pin 16) 
Storage temperature range 


Operating ambient temperature 
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Vee max. 13,2 V 
Tstg BS to +150 OC 
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CHARACTERISTICS 
Vcc = 12 V; Tamb = 25 OC with external components as shown in Fig. 3 unless otherwise stated. 


Se 


Supply voltage 12,0} 13,2 
Supply current 70} —- 
Video input and sync separator 
Video input amplitude (sync to white) 

pin 2 LOW V27-13(p-p) 1 1,4 

pin 2 HIGH V27-13(p-p) ; 2,5 3,5 
Source impedance IZ.| — 250 
Sync amplitude V27-13(p-p) — 1 
Video level select input 
Input voltage LOW V2.13 = 0,8 
Input voltage HIGH V9.13 — 5,5 
Input current LOW — —150 
Input current HIGH — 1 
Text composite syne input (TCS) 
Input voltage LOW 7 0,8 
Input voltage HIGH — 7,0 
Scan composite sync input (SCS) 
Input voltage LOW — 1,5 
Input voltage HIGH — 7,0 
Select video sync from pin 1 
Input current 

=QOto7V —70 | —100 

V;=10V toVec — +5 
Video composite sync output (VCS) 
Output voltage LOW — 0,4 
Output voltage HIGH — 55 
Output d.c. current LOW — 0,5 
Output d.c. current HIGH — —1,5 
Sync separator delay time 05}; —- 
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eer ry 


Dual polarity buffer output 


TCS sync amplitude 


Video sync amplitude 


Output current 

D.C. output voltage 
R, to ground (0 V) 
Ri to Vcc (12 V) 


Sandcastle input 


Phase lock pulse 
PL on (LOW) 
PL off (HIGH) 


Blanking pulse 
CBB on (LOW) 
CBB off (HIGH) 


Input current 


PLL 


Line sync timing 
pulse width (using composite video) 
pulse width (using:scan composite sync) 


Pulse duration 
period PL must be LOW to make VCO free-run 


6 MHz - VCO (F6) 
A.C. output voltage 


D.C. output voltage 


Rise and fall time 


Load capacitance 


VCR 
VCR-mode on (LOW) 

VCR-mode off (HIGH) 
Input current 


Data slicer 


Data amplitude of video input 
pin 2 LOW 
pin 2 HIGH 
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Oe 


Teletext clock output 
A.C. output voltage 
D.C. output voltage 
Load capacitance 
Rise and fall times 


Delay of falling edge relative to other edges of TTD 


Teletext data output 
| A.C. output voltage 
D.C. output voltage 
Load capacitance 
Rise and fall times 


composite 
video 
input 


sync out 


video 
input 
level 
| select 


| 

| 

| 

| 

| 

l 

| | 
ve ae 


X = 13,875 MHz 


September 1985 


TCS 
sandcastle 
input 

vcs 


F6 


15 41 470 | 22 
pF [nF pF | nF 
‘7 ‘7 7 ‘7 


270 {100 
pF | pF 
‘/ 7 


data | 
input P 


Cc) XTAL 

ae 13,875 MHz 
5 
dL 
‘7 


7Z91273 
Fig. 3 Test and application circuit. 
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APPLICATION DATA 


The function is quoted against the corresponding pin number 

1. Sync output to TV 
Output with dual polarity buffer, a load resistor to 0 V or + 12 V selects positive-going or negative- 
going syncs. 

2. Video input level select 
LOW level selects 1 volt input video level. With no connection level floats HIGH, selecting 2,5 volt 


level. 
3. H.F. filter 

A capacitor connected to this pin filters the video signal for the h.f.-loss compensator. 
4. Store h.f. 


The h.f. amplitude is stored by a capacitor connected to this pin. 
5. Store amplitude 
Store capacitor stores the amplitude for the adaptive data slicer. 


6. Store zero level 
Store capacitor stores the zero level for the adaptive data slicer. 


7. External data input 
Current input for sliced teletext data from external device. Active HIGH level (current), low 
impedance input. 

8. Data timing 
A capacitor is connected to this pin for timing of the adaptive data slicer. 


9. Store phase 
A capacitor connected to this pin stores the output signal from the clock phase detector. 


10. Video tape recorder mode (VCR) 
Signal input to command PLL into (short time constant mode), to enable text to synchronize to 
a video tape recorder. Active is LOW. If not connected, the level is HIGH. 


11. Crystal | 
A 13,875 MHz crystal (2x data rate) in series with a capacitor is connected to this pin. 


12. Clock filter 
A filter for the clock signal is connected to this pin (6,938 MHz). 


13. Ground (0 V) 
14. Teletext clock output 
TTC for CCT (Computer Controlled Teletext). 
15. Teletext data output 
TTD for CCT. 
16. Supply voltage Vcc 
Typical value +12 V. 
17. F6 
6 MHz output clock for timing and sandcastle generation in CCT. 


18. Oscillator output (6 MHz) 
A series resonant circuit is connected between this pin and pin 20 to control the nominal frequency 
of the VCO. 
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APPLICATION DATA (continued) 


19. Filter 2 
A filter for the line phase detector is connected to this pin. The filter has a short time constant and 


is used in video recorder mode and while the loop is locking up. 


20. Oscillator input (6 MHz) 
See pin 18. 


21. Filter 1 
A long time constant filter for the line phase detector is connected to this pin. 


22. Sandcastle input 
This input accepts a sandcastle waveform, which is formed from PL and CBB from the CCT. Signal 
timing see Fig. 4. 

23. Pulse timing resistor 
A connected resistor defines the current for the pulse generator. 


24. Pulse timing capacitor | 
A connected capacitor is used for timing of the pulse generator. 


25. VCS output 
Video composite sync output signal for CCT. 


26. Black level 
A capacitor connected to this pin stores the black level for the adaptive sync separator. 


27. Composite video input 
The composite video is fed to this input via a clamp capacitor. 


28. Sync input | ae 
Input for text composite syne (TCS) from CCT or SCS from external sync circuit. SCS is expected 
if there is no load resistor at pin 1. 


7291271 
VIDEO 
SIGNAL 
(pin 27) 
5V 
SANDCASTLE 
INPUT ——_——_———- 2V 
(pin 22) 
OV 
015 47 85 33,5 t (us) 


Fig. 4 Sandcastle waveform and timing. 


For additional information 
consult the Applications Section. 
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GENERAL DESCRIPTION 


The SAA5240 is a MOS N-channel integrated circuit which performs all the digital logic functions of 
a 625-line World System Teletext decoder. It operates in conjunction with the teletext video 
processor SAA5230, standard static RAM’s and is controlled via the 2-wire |?C bus. The device can 
be used to provide videotex display conforming to a serial character attribute protocol. 


Features 
@ Microcomputer controlled for flexibility ® Cursor control for videotex/telesoftware 
@® High quality flicker-free display using a @ 7-bits parity or 8-bit data acquisition 
12 x 10 character matrix ® Ghost row reception option (extension packets) 
® Field flyback (lines 6 to 22), or full channel @ Standard |?C bus slave transceiver (slave 
(all lines) data acquisition address 0010001) 
@ Up to four simultaneous page requests enabling @ Single 5 volt power supply 
acquisition during one magazine cycle @® Mask programmable character sets: 
@ Direct interface up to 8 K bytes static RAM SAA5240A;; English, German, Swedish 
@ Automatic language selection of up to SAA5240B; Italian , German, French 


three different languages 
25th display row for software generated 
status messages 


TTD 
TTC 


HOK 


SDA 
SCL 


DATA 
ACQUISITION 


i2C INTERFACE 
AND CONTROL 


PACKAGE OUTLINES 
40-lead DIL; plastic (SOT-129). 


Vop (+ 5V) 


SAA5240 


TIMING 
CHAIN 


CHARACTER 
GENERATOR 


MEMORY INTERFACE 


WE 
D5 D7 Al A3 A5 A7 AY All OE 7Z87653.1 


Fig. 1 Block diagram. 
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PINNING 
1 
2,3, 40 


4 


September 1985 


VDD 
A11, A12, A10 


OE 


TTD 


SAA5240 


7291394 


Fig. 2 Pinning diagram. 


Power supply: + 5 V power supply pin. 


Chapter Address: three outputs that select which 1 K byte chapter 
of external RAM is being accessed for any read or write cycle. 


Output Enable: active low output signal used to control the 
reading of the external RAM. It occurs continuously at a 1 MHz 
rate. 


Write Enable: active low output signal used to control the writing 
of data to the external RAM. It occurs for a valid write cycle only 
and is interleaved with the read cycles. 


Teletext Data: input from the SAA5230 Video Input Processor 
(VIP2). It is clamped to Vg for 4 to 8 ps of each television line 
to maintain the correct d.c. level following the external a.c. 
coupling. 
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11 


12 


13, 14, 15 


16 


17 


18 


19 


20 


21 
22-29 


30-39 


TTC 


HOK 


F6 


VCS 
SAND 


TCS/SCS 


R,G,B 


BLAN 


Teletext Clock: 6,9375 MHz clock input from the SAA5230. It is 
internally a.c. coupled to an active clamp input buffer. 


Hamming O.K.: an active high output signal indicating reception 
of a valid teletext data line with no Hamming errors in the 
magazine or row bytes. It is reset at line rate. 


Character display clock: 6 MHz clock input from the 
SAA5230. It is internally a.c. coupled to an active clamp input 
buffer. 


Video Composite Syne: input from the SAA5230 derived from 
the incoming video signal. Sync pulses are active high. 


Sandcastle: 3-level sandcastle output to the SAA5230 containing 
the phase locking and colour burst blanking information. 


Text Composite Sync/Scan Composite Sync: as an output an 

active low composite sync waveform (TCS) with interlaced or 

non-interlaced format (see Fig. 6) which is fed to the SAA5230 5 
to drive the display timebases. Alternatively this pin can act as an 

input for an active low composite sync waveform (SCS) to ‘slave’ 

the display timing circuits. 

Red, Blue, Green: these 3 open drain outputs are the character 


video signals to the television display circuits. They are active 
high and contain character and background information. 


Contrast Reduction: open drain, active low output which allows 
selective contrast reduction of the television picture to enhance 
a mixed mode display. 

Blanking: open drain, active high output which controls the 
blanking of the television picture for a normal text display and 
for a mixed display. 

Character foreground: open drain, active high video output signal 
containing all the foreground information displayed on the 
television screen (e.g. for driving a display printer). 


Serial Clock: input signal which is the 1?C bus clock from the 
microcontroller. 


Serial Data: is the I|°C bus data line. It is an input/output 
function with an open drain output. 


Ground: 0 volts. 


8 RAM data lines: 3-state input/output pins which carry the data 
bytes to and from the external RAM. 


RAM address: 10 output signals that determine which byte 
location within a 1 K byte chapter of external RAM is accessed for 
any read or write cycle. 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage range (pin 1) 


Input voltage range 
VCS, SDA, SCL, DO-D7 


TTC, TTD, F6, TCS/SCS 


Output voltage range | 
SAND, A0O-A12, OE, WE, DO-D7, SDA, HOK 


R, G, B, BLAN, COR, Y, TCS/SCS 
Storage temperature range 


Operating ambient temperature range 
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VDD 


V\ 
Vi 


Vo 
Vo 

T stg 
Tamb 
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—0,3 to +7,5 


—0,3to +7,5 
—0,3 to + 13,2 


—O03to +7,5 
—0,3 to + 13,2 
—20 to +125 
—20 to +70 


°C 
oC 
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CHARACTERISTICS 
Vpp =5 V: Vss = 0 V; Tamb = 25 OC unless otherwise specified 


parameter 


SUPPLY 
Supply voltage (pin 1) 


Supply current (pin 1) 
INPUTS (note 1) 


TTD (note 2) 
External coupling capacitor 


Input voltage (peak-to-peak value) 
Input data rise and fall times (note 3) 
Input data set-up time (note 4) 

Input data hold time (note 4) 


Input leakage current 
at V; =Oto 10 V 


Input capacitance 


TTC; F6 (note 5) 
D.C. input voltage range 


A.C. input voltage (peak-to-peak value) 
Input peaks relative to 50% duty cycle 
TTC clock frequency 

F6 clock frequency 

Clock rise and fall times (note 3) 


Input leakage current 
at V; =O to 10 V 


Input capacitance 


vcs 
Input voltage LOW 
Input voltage HIGH 


Input rise and fall times (note 3) 


Input leakage current 
at VV; = 5,5 V 


Input capacitance 
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CHARACTERISTICS (continued) 


[prenser damit [mint [me] on 
SCL 


Input voltage LOW 
Input voltage HIGH 
SCL clock frequency 


Input rise and fall times (note 3) 


Input leakage current 
at V); =5,5V 


Input capacitance 


INPUT/OUTPUTS (note 6) 


TCS (output)/SCS (input) 
Input voltage LOW 
Input voltage HIGH 


Input rise and fall times (note 3) 


Input leakage current 
atV,;=Oto 10V 
and output in high impedance state 


Input capacitance 
Output voltage LOW 
atloy_ = 1,6 mA 
Output voltage HIGH 
at —loyH = 0,2 mA 

at Ioy = 0,1 mA 


Output rise and fall times 
between 0,6 V and 2,2 V levels 


Load capacitance 


SDA (note 7) 
Input voltage LOW 
Input voltage HIGH 


Input rise and fall times (note 3) 


Input leakage current 
at V; = 5,5 V with output off 


Input capacitance 


Output voltage LOW 
atlo, =3mA 


Output fall time 
between 3,0 V and 1,0 V levels 


Load capacitance 
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parameter 
INPUT/OUTPUTS (continued) 


DO-D7 (note 8) 
Input voltage LOW 
Input voltage HIGH 


Input leakage current 
at VV; =O V to5,5 V 
and output in high impedance state 


Input capacitance 


Output voltage LOW 
at lo_ = 1,6 mA 


Output voltage HIGH 
at —lopH = 0,2 mA 


Output rise and fall times 
between 0,6 V and 2,2 V levels 


Load capacitance 
OUTPUTS (note 6) 


A0-A12; OE; WE (note 8) 
Output voltage LOW 


at lo, = 1,6mA 


Output voltage HIGH 
at —Ioy = 0,2 mA 


Output rise and fall times 
between 0,6 V and 2,2 V levels 


Load capacitance 


HOK (note 9) 


Output voltage LOW 
at lot = 1,6mA 

Output voltage HIGH 
at —IO}4 = 0,2 mA 

Output rise and fall times 
between 0,6 V and 2,2 V levels 


Load capacitance 


SAND (note 9) 
Output voltage LOW 
at lo_ = 9,2 mA 


Output voltage INTERMEDIATE 
at lop = +30uA 
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CHARACTERISTICS (continued) 


[pone mit in [vm [me] 


SAND (continued) 


Output voltage HIGH 
at IoH = 0 to —30 pA 


Output rise time Vo, to Vo 
between 0,4 V and 1,1 V levels 


Output rise time Vo; to VoH 
between 2,9 V and 4,0 V levels 


Output fall time Voy to Voi 
between 4,0 V and 0,4 V levels 


Load capacitance 


R;G; B; COR; BLAN; Y (note 10) 


Output voltage LOW 
atlo, =2mA 


Output voltage LOW 
at lo, =5 mA 


Pull-up voltage as seen at pin 


Output fall time with a load resistor 
of 1,2 kQ to 6 V and measured between 
55Vand1,5V 


Skew delay between outputs with a load 
resistor of 1,2 kQ2Q to 6 V and measured 
on the falling edges at 3,5 V 


Load capacitance 


Output leakage current 
at Vpy = 0 to 6 V with output off 


TIMING 


1?C bus (note 11) 

Clock low period tLow 
Clock high period tHIGH 
Data set-up time tsu; DAT 
Data hold time tHD; DAT 


Stop set-up time from clock high tsu: STO 


Start set-up time following a stop tBUF 
Start hold time tHD:STA 


Start set-up time following clock 
low to high transition tsU: STA 
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TIMING (continued) 


Memory interface (note 12) 

Cycle time 

Address change to OE LOW 
Address active time 

OE pulse duration 

Access time from OE to data valid 


Data hold time from OE HIGH or 
address change 


Address change to WE LOW 


WE pulse duration 

Data set-up time to WE HIGH 
Data hold time from WE HIGH 
Write recovery time 


Notes to the characteristics 
1. All inputs are protected against static charge under normal handling. 


2. The TTD input incorporates an internal clamping diode in addition to the active clamping 
transistor (see Fig. 3). 


3. Rise and fall times between 10% and 90% levels. 


4. Teletext input data set-up and hold times are with respect to a 50% duty cycle level of the rising 
edge of the teletext clock input (TTC). Data stable 1 > 2,0 V; data stable 0 < 0,8 V (see Fig. 4). 


5. The TTC and F6 inputs have internal clamping diodes and are a.c. coupled (see Fig. 3). 


6. All outputs and input/outputs are protected against static charge under normal handling and 
connection to Vpp and Vss. 


7. For details of 1?C bus timing see Fig. 8. 
For details of RAM timing see Fig. 9. 
9. For details of synchronization and HOK timing see Fig. 5. 
10. For details of display output timing see Fig. 7. 
11. The I*C bus timings are referred to Vj}, =3 V and Vj; = 1,5 V. For waveforms see Fig. 8. 
12. The memory interface timings are referred to Vj, = 1,5 V. For waveforms see Fig. 9. 
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SAA5240 
9 character display clock input 
F6 to 
timing chain 
7 teletext clock input 
TTC OO oi acc 6 
data acquisition circuit 
TTD 6 bP teletext rig input 
Cond data acquisition circuit 
clamping pulses from timing circuit 
from time 4s to 8yus of each 
television line to maintain correct 
d.c. level following external a.c. coupling 
Ld 


(a) 


V 
50% 
duty cycle 
{ level 
Vi(p-p) 


t 


shaded regions equal in area 7291395 


(b) 


Fig. 3 (a) F6, TTC and TTD input circuitry (b) input waveform parameters. 


September 1985 5-550 


Signetics Linear Products Product Specification 


European Computer Controlled Teletext Circuit (EURO CCT) SAA5240 


<————— tey ———>» 
144ns typ 


TTC 


«+ tos el toy > | th ~< el te i< 
40ns min 40ns min 80ns max 80ns max 


data may change data may change data may change 7291396 


Data stable: 1is22,0 V:0is<08 V. 


Fig. 4 Teletext data input timing. 


0 64 
] | 
0 4,67 


SAND me me a 


| 
1,5 8,5 33,5 


valid 
HOK | Wn, not valid 
; 18 23 
all timings in ws 7291397 


Fig. 5 Synchronization and HOK timing. 
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cGG-G 


0 466 64 

P44 ti | 

0 2,33 32 34,33 64 
BU 

| | | | | 

0 27,33 32 59,33 64 


all timings in ys 


TCS 
(interlaced } 
| | | | | | | | | | | 
621 622 623 624 625 1 2 3 4 5 6 
(308) (309) (310) (311) (312) 
TCS 
(interlaced ) 
| | | | | | | | | | 
309 310 311 312 313 314 315 316 317 318 319 
(1) (2) (3) (4) (5) (6) 
TCS 
(non-interlaced ) 
| | | | | | | | | | 
308 309 310 311 312 1 2 3 4 5 6 


numbers shown at end of line 


(equivalent count numbers in brackets ) 7291401 


Line sync pulses (LSP), equalizing pulses (EP) and broad pulses (BP) are combined to provide the text composite sync waveform (TCS) 
as shown. 
All timings measured from falling edge of LSP with a tolerance of + 100 ns. 


Fig.6 Composite sync waveforms. 
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| | ' 
0 4,66 64 


Se Oe ee 


R,G,B,Y display period 
(1) : ee 


0 16,67 56,67 
(a) LINE RATE all timings in ws 


a lines 42 to 291 inclusive (and 355 to 604 inclusive interlaced ) a | 


R,G,B,Y | display period | 
(1) Bn a 


41 291 312 
: (b) FIELD RATE 


line numbers 
(1) also BLAN in character and box blanking 7Z91398 
Fig. 7 Display output timing (a) line rate (b) field rate. 
i) 
<— tauF—> - 
SCL 
— | tHD:sTA |<— —P! tHiGH 
aes LOM er rie a ra —— 
tHD;DAT tSU;DAT 
SDA 


7287013 tsU:STA tsu-sTo 


Fig. 8 1°C bus timing. 
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oases tcy 


won8ss — Gp D 


<———  tappR ————> 
—_—_— 


toe aca 


<«<—— toeEw ——> 


—_ 


TACC = —! tDH lek 


DATA 
FROM XC vale data ourput data output 
RAM 


(a) READ 


sone: — Yaa YD) 


— >| twe aa awe <— 


= twew —> 


ag tps —»|<—— 'DHWE mcg 


TO valid data input 
RAM Nas, 


(b) WRITE 3791399 


Fig. 9 Memory interface timing (a) read (b) write. 
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TIMING FILTER A3 = 
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56 KO CURRENT re c 
R19 19] put STORE AO AJ 
SDA ae 
AMPLITUDE 
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+12V 
4 . . L1 6 MHz STORE 
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27 pF L cis 
7 16 cis 413. 15 pF ae 
22 nF 
L2 
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y M1084.A Ne 
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Fig. 10 EURO CCT based single-page decoder circuit diagram. © 
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APPLICATION INFORMATION (continued) 
EURO CCT page memory organization 


The organization of a page memory is shown in Fig. 11. The EURO CCT provides an additional row 
compared with first generation decoders bringing the display format up to 40 characters by 25 rows. 
Rows 0 to 23 form the teletext page as broadcast and row 24 is the extra row available for user- 
generated status messages. 


A MORE DETAILED DESCRIPTION OF CCT OPERATION AND APPLICATION IS AVAILABLE 
ON REQUEST. 


fixed character 


written by CCT hardware 8 characters 


aaraeiors alphanumerics white for normal always rolling 
_ for status alphanumerics green when looking (time) 
for display page — ROW 
0 
1 
24 characters from page header 2 
rolling when display page looked for 3 
4 


MAIN PAGE DISPLAY AREA 


| | 
| I} 
| |. to 
| | 20 
| | 
| | 
21 
22 
23 
this row always free for status 24 
25 
10 bytes for 14 bytes 
received free for use 
page information by microcomputer 1291400 
Fig. 11 Page memory organization. 
Table 1 Row 25 received control data format 
Column 0 1 2 3 4 5 6 7 8 9 
Where: 
MAG magazine | MU minutes units 
PU page units page number MT minutes tens 
PT page tens J HU hours units page sub-code 
PBLF page being looked for HT hours tens 
FOUND LOW for page has been found C4-C14 — transmitted control bits 


HAM.ER Hamming error in corresponding byte 


September 1985 5-556 


Signetics Linear Products Product Specification 


European Computer Controlled Teletext Circuit (EURO CCT) SAA5240 


Row O 


Row 0 is for the page header. The first seven columns (0 to 6) are free for status messages. The eighth 
is an alphanumeric white or green control character, written automatically by EURO CCT to give a 
green rolling header when a page is being looked for. The last eight characters are for rolling time. 


Row 25 


The first 10 bytes of row 25 contain control data relating to the received page. Seven digits are used to 
identify a page as shown in Table 1. The remaining 14 bytes are free for use by the microcomputer. 


Register maps 


EURO CCT mode registers R1 to R11 are shown in Table 2. R1 to R10 are WRITE only; R11 is 
READ/WRITE. 
Register map (R3), for page requests, is shown in detail in Table 3. 


Table 2 EURO CCT register map 


fer [ee jor 


TA 7+P/ ACQ. 
8 BIT ON/OFF 


GHOST 
ROW 
ENABLE 


R1 Mode 


Page request 
address 


R2 


R3 = Page request data 
R4 Display chapter 


RS Display control 


) (normal) 


R6 Display control 
) (newsflash/subtitle) 


STATUS 
ROW 
BTM/TOP 


BOTTOM | DOUBLE R7 Display mode 


BOX ON BOX ON ae ON 
24 1-23 


D3 D1 
(R/W) aw (R/W) aw 


— bit does not exist 


R8 Active chapter 


RQ Active row 


R10 Active column 


| 

gl 
Q 
me 
= 5 
DD 


kyr RT 


D7 D5 
(R/W) ian (R/W) 


Notes to Table 2 


The arrows shown on the right of the register map indicate that the register auto-increments to the next 
one on the following |*C transmission byte. TA and TB must be logic 0 for normal operation. 

All bits in registers R1 to R10 are cleared to logic 0 on power-up except bits DO and D1 of registers 

R5 and R6 which are set to logic 1. 

All memory is cleared to ‘space’ (00100000) on power-up, except row 0 column 7 chapter 0, which is 
‘alpha white’ (00000111) as the acquisition circuit is enabled but all pages are on hold. 


R11 Active data 
cn 
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Table 2 (continued) 
Where: 

R1 Mode 

TO, T1 

TCS ON 

DEW/FULL FIELD 
7+P/8 BIT 

TA, TB 

R2 Page request address 


START COLUMN 
ACQ CCT 
BANK SELECT 


R3 Page request data 
R4 Display chapter 


R5, R6 Display control 
PON 

TEXT 

COR 

BKGND 


interlace/non interlace 312/313 line control 
text composite sync or direct sync select 
field-flyback or full channel mode 

7 bits with parity checking or 8-bit mode 


test bits; 0 for normal operation 


start column for page request data 

selects one of four acquisition circuits 

selects bank of four pages being addressed for acquisition 
see Table 3 

determines which of the 8 pages is displayed 

for normal and newsflash/subtitle 

picture on 

text on 


contrast reduction on 
background colour on 


These functions have IN and OUT referring to inside and outside the boxing function respectively. 


R7 Display mode 
BOX ON 0 (1-23, 24) 


STATUS ROW BTM/TOP 


R8 to R11 


September 1985 


boxing function allowed on row O (row 1-23, 24) 
row 25 displayed above or below the main text 


active chapter, row, column and data information written to or read 
from. page memory via the |?C bus. 
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Table 3 Register map for page requests (R3) 


Start 

Column 

0 HOLD MAG? MAGI MAGO 
Magazine 

1 Do care 


Page tens PT3 PT2 PT1 


Notes to Table 3 


Abbreviations are as for Table 1 except for DO CARE bits. 

When the DO CARE bit is set to logic 1 this means the corresponding digit is to be taken into account 
for page requests. If the DO CARE bit is set to logic O the digit is ignored. This allows, for example, 
‘normal’ or ‘timed page’ selection. 

If HOLD ts set LOW, the page is held and not updated. 

There are four groups of data shown in Table 3, one for each acquisition circuit (four simultaneous 
page requests). 

Columns auto-increment on successive |?C transmission bytes. 


5-559 September 1985 


Signetics Linear Products Product Specification 


European Computer Controlled Teletext Circuit (EURO CCT) SAA5240 


APPLICATION INFORMATION (continued) 


CHARACTER SETS 


The UK teletext specification allows the selection of national character sets via the page header 
transmission bits, C12 to C14 as shown in Table 4. The basic 96 character sets differ only in the 13 
national option characters as indicated in Tables 8 and 9 with reference to their table position in the 
basic character matrix shown in Table 7. EURO CCT automatically decodes control bits C12 to 

C14. Other combinations of C12 to C14 are defaulted to SAA5240A (English); SAA5240B (German). 
With 8-bit decoding the character matrices are shown in Tables 5 and 6. 


Table 4 Selection of national character sets 


PHCB ENGLISH GERMAN SWEDISH ITALIAN FRENCH 


C12 0 0 1 
C13 0 0 0 
C14 0 1 0 
Where: 
PHCB page header control bits. 


7291406 


alphanumerics and alphanumerics alphanumerics or alphanumerics 
graphics ‘space’ character blast- through character 
character 2/13 alphanumerics 7/15 
character 4/8 


contiguous separated separated contiguous 
graphics character graphics character graphics character graphics character 
7/6 7/6 7/15 7/15 


mq _ background display 
J” — colour [_]- colour 


Fig. 12 Character format. 
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Table 5 Character data input decoding (SAA5240A) 
0 
0 

0 
0 
alpha- P 

vitiee leg graphics 
black black 
alpha- F 

numerics graphics 

red red 

alpha— . 

numerics graphics 
green green 
alpha— graphics 

numerics 
yellow yellow 
alpha 

numerics graphics 
blue blue 
alpha—- 

numerics graphics 

magenta megonta 
alpha— 

numerics graphics 
cyan cyan 
alpha- graphics 


jaaa " leortiguous 
aeaey graphics 
"| separated 

ae 
ee black 
height ground 


e 
back- 
height ground 


hold 
aa Ca) 
veleaaen 
| graphics 


* These control characters are reserved for compatibility with other data codes. 
** These control characters are presumed before each row begins. 


0 or 1 


© 


Pd | Pal 
pa RE 
PIL 

si 
RB 


Siem 
ale 
es 
ESI 
mics 
(<0 C 
aes] 
Ee) 
Alk 
i 


| 10)| [0 

v 
Hela ele Ciel: 
EEC 


ul 
hy 


SESE 
‘LJ ees} (ae fs | fc (oe fo 


I< 


N 
fl 


(MR CM CO Ca dC Cd | Pf 


ooh] (a [TAN | ee) YN Nf || GN ld | | | 


TELEUEELEEEEEETS 
Jt] 

FG a i We elt 

A I Ye ef = 


PI en 


ES 


a 
Ed 
Ed 
EI 
a 


7291402 
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APPLICATION INFORMATION (continued) 
Table 6 Character data input decoding (SAA5240B) 


ae 
numerics graphics 
black black 
alpha— 
numerics graphics | #| 
red red 
alpha— P 
numerics graphics kad Ca 
alpha— graphics 
numerics 
yellow yellow 
alpha— ES =] T ici HE] 
es aoa | “Bie ES Sriacaetr 
alpha— 7 
se | ots | eu fe> 
magenta _ magenta 


alpha— 
numerics graphics ie) ow) 
cyan | cyan 
alpha— graphics 
numerics white eh) 
white 
conceal 
"contiguous | a = ig | ae | 
" |:separated 
height Lane 
double | po = 2 
hold 
graphics 
aloes: ES 
graphics 


7Z91484 


IRICEN 
letetatl 


So 
_ 
= 
= 


* These control characters are reserved for compatibity with other data codes. 
** These control characters are presumed before each row begins. 
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Notes to Tables 5 and 6 

. Control characters shown in columns O and 1 are normally displayed as spaces. 

. Codes may be referred to by column and row. For example 2/5 refers to %. 

. Black represents displayed colour. White represents background. 

. Character rectangle shown as follows: 0 

. The SAA5240A national option characters are shown in Table 8. 

. The SAA5240B national option characters are shown in Table 9. 

. Characters 8/6, 8/7, 9/5, 9/6 and 9/7 are special characters to combine with character 8/5. 


. With bit 8 = 0 national option characters will be decoded according to the setting of control bits 
C12 to C14 (see Table 4). 


CON OO AP WN = 
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APPLICATION INFORMATION (continued) 
Table 7 SAA5240 basic character matrix 


a 

| 
ae @ 

a 
LJ Ban 
SaneeeR 

a! 

a a 
= = 
Cd a 
= a 


oe 


ol 
—~ 
_— 
w 


2 
O 


o1 
— 
—_ 
pb 


a 
aunen 

2 

i?) 


2 
(o>) 


7Z91405 
Where: NC national option character position. 
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(OD OANA) HNDAID jxEJeJO] Pe|joyUOD JejndwioD uDoedoin43 


OveSVVS 
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Table 8 SAA5240A character set (national option characters) 


ENGLISH 


reo eoneeneeee 
COCO) oor COO) eee 7291403 
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APPLICATION INFORMATION (continued) 
Table 9 SAA5240B character set (national option characters) 


ITALIAN 


5/13 
TTT TTT TTT Try TTT Tr rr TT) 


7291404 


Purchase of Philips’ 12C components conveys a license under the 
Philips’ 12C patent to use the components in the |?C-system provided 
the system conforms to the |?C specifications defined by Philips. 


For additional information 
consult the Applications Section. 
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GENERAL DESCRIPTION 


The SAA5350 EUROM is a single-chip VLSI NMOS ert controller capable of handling all display 
functions required by the CEPT videotex terminal, model A4. Only minimal hardware is required to 
produce a videotex terminal using EUROM — the simplest configuration needs just a microcontroller 
and 4 Kbytes of display memory. 


Features 

@ Minimal additional hardware required 

@ Screen formats of 40/80 character by 1-to-25 row display 

@ 512 alphanumeric or graphical characters on-chip or extendable off-chip 

® Serial attribute storage (STACK) and parallel attribute storage 

@ Dynamically redefinable character (ORCS) capability over full field 

@ {Interfaces with 8/16-bit microprocessors with optional direct memory access 

@ On-chip scroll map minimizes data to be transferred when scrolling 

® On-chip colour map RAM followed by three non-linear digital-to-analogue converters which 


compensate for crt non-linearity 

Memory interface capable of supporting multi-page terminals. EUROM can access up to 128 Kbytes 
of display memory 

Programmable cursor 

Programmable local status row 

Three synchronization modes: : 

stand-alone built-in oscillator operating with an external 6 MHz crystal 

simple slave directly synchronized from the source of text composite sync 


phase-locked slave indirect synchronization allows picture-in-text displays (e.g. VCR/VLP video 
with text overlay) 


® On-chip timing composite sync output 


@ Zoom feature which allows the height of any group of rows to be increased to enhance legibility 


PACKAGE OUTLINE 
40-lead DIL; plastic (SOT-129). 
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a 


F6 


SAND FS/DDA BUFEN R/W(S/R) BR LDS 
CLKO F1/6 TCS TEST Vpp_—~Vss RE AS DTACK UDS 


31 


4 
LINK- THROUGH BUFFERS : DO to D15 
19 
memory 
character & attribute row 
(page) data 
DRCS dot & 
mode data 
ROW BUFFER 
SHIFT REGISTER COLOUR MAP 
FILL LOGIC 
attribute ROM 
data dot data 
al REF 
ATTRIBUTE CHARACTER DISW ae tO 
ROW BUFFER - ANALOGUE 
Sees nem CONVERTER Art 
OD 
VDS R G B 7295250 


Fig..1 Block diagram. 
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PINNING 

1 TEST Input to be connected to Vss. 

2 BUFEN Buffer enable input to the 8-bit link-through buffer. 

3 RE Register enable input. This enables A1 to A6 and UDS as inputs, and D8 to 
D15 as input/outputs. 

4to19 A16to A1/ Multiplexed address and data bus input/outputs. These pins also function 

D15 to DO as the 8-bit link-through buffer. 

20 Vss Ground (0 V). 

21 REF Analogue reference input. 

22 B | 

23 G Analogue outputs (signals are gamma-corrected). 

24 rR J 

25 VDS Switching output for dot, screen (row), box and window video data; for 
use when video signal is present (e.g. from tv, VLP, alpha + photographic 
layer). This output is LOW for tv display and HIGH for text and will inter- 
face directly with a number of colour decoder ICs (e.g. TDA3560, 
TDA3505). 

26 OD Output disable causing R, G, B and VDS outputs to go to high-impedance 
state. Can be used at dot-rate. 

27 CLKO 12 MHz clock output for hard-copy dot synchronization (referenced to 
output dots). 

28 SAND Sandcastle feedback output for SAA5230 teletext video processor or other 
circuit. Used when the display must be locked to the video source (e.g. VLP). 
The phase-lock part of the sandcastle waveform can be disabled to allow 
free-running of the SAA5230 phase-locked loop. 

29 F1/6 1 MHz or 6 MHz output. 

30 F6 6 MHz clock input (e.g. from SAA5230). Internal a.c. coupling is provided. 

31 VCS/OSCO Video composite sync input (e.g. from SAA5230) for phase reference 
of vertical display timing when locking to a video source (e.g. VLP) or, 
in stand-alone sync mode, output from internal oscillator circuit (fixed 
frequency). 

32 TCS Text composite sync input/output depending on master/slave status. 

33 FS/DDA Field sync pulse output or defined-display-area flag output (both referenced 
to output dots). 

34 UDS Upper data strobe input/output. 

35 LDS Lower data strobe output. 

36 DTACK Data transfer acknowledge (open drain output). 

37 BR Bus request to microprocessor (open drain output). 

38 AS Address strobe output to external address latches. 

39 R/W (S/R) Read/write input/output. Also serves as send/receive for the link-through 
buffer. 

40 Vppb Positive supply voltage (+5 V). 
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UDS 
FS/DDA 
TCS 


VCS/OSCO 


SAA5350 


7280578 


Fig. 2 Pinning diagram. 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range (pin 40) Vpop —0.3to+7.5 V 
Maximum input voltage (except F6, TCS, REF) Vimax —0.3to+7.5 V 
Maximum input voltage (F6, TCS) V imax —0.3 to+ 10.0 V 
Maximum input voltage (REF) VREEF —0.3 to+ 3.0 V 
Maximum output voltage Vomax —0.3to+7.5 V 
Maximum output current lOmax 10 mA 
Operating ambient temperature range Tamb —20 to +70 °C 
Storage temperature range T stg —55 to+ 125 OC 


Outputs other than CLKO, OSCO, R, G, B, and VDS are short-circuit protected. 
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CHARACTERISTICS 
Vpp = 5 V + 10%; Vss = 0 V; Tamb = —20 to + 70 °C; unless otherwise specified 


[meme fom Jom om fm [a 


SUPPLY 
Supply voltage (pin 40) 
Supply current (pin 40) 


INPUTS 

F6 (note 1) 

Slave modes (Fig. 3) 

Input voltage (peak-to-peak value) 


Input peaks relative to 
50% duty factor 


Input leakage current at 
V, =O to 10 V; Tamb = 25 OC 


Input capacitance 

Stand-alone mode (Fig. 4) 
Series capacitance of crystal 
Parallel capacitance of crystal 
Resonance resistance of crystal 
Gain of circuit 


BUFEN, RE, OD 
Input voltage LOW 
Input voltage HIGH 


Input current at 
V,=0 to Vppt 0.3 V; Tamb = 25 OC 
Input capacitance 


REF (Fig. 5) 
Input voltage 


Resistance (pin 21 to pin 20) with 
REF supply and R, G, B outputs OFF 
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OUTPUTS | 
SAND 
Output voltage high level at 

Io = Oto —30 vA : VOH V 
Output voltage intermediate level at 

Io = —30 to+ 30 uA Vo} V 
Output voltage low level at 

Io = 0.2 mA | VOL V 
Load capacitance CL pF 
F1/6, CLKO, DDA/FS 
Output voltage HIGH at 

lIOH = —200 LA VOH V 
Output voltage LOW at Io, = 3.2 mA VOL V 
Load capacitance , CL pF 
LDS, AS 
Output voltage HIGH at 

IOH = —200 vA VOH V 
Output voltage LOW at Io, = 3.2 mA VOL V 
Load capacitance | CL pF 
DTACK, BR (open drain outputs) 
Output voltage LOW at Io, =3.2 mA VOL V 
Load capacitance | CL pF 
Capacitance (OFF state) CoFF pF 
R,G, B (note 2) 
Output voltage HIGH (note 3) at 

lon = —100 vA; VeeF=2.7 V VOH V 
Output voltage LOW at Ilo, = 2mA VOL V 
Output resistance during line blanking _ ROBL Q 
Output capacitance (OFF state) | Corr pF 
Output leakage current (OFF state) 

at Vj =O to Vppt+ 0.3 V; 

Tamb = 25 °C lOFF LA 
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a 
VDS 
Output voltage HIGH at lop = —250 vA VOH 2.4 _ Vpp V 


Output voltage LOW at Io, =2mA VOL 0 _ 0.4 V 
Output voltage LOW at Io, =1MA VOL 0 — 0.2 V 


Output leakage current (OFF state) 
at Vj =O to Vppt0.3 V; 
Tamb = 25 °C lOFF —10 _ + 10 pA 


INPUT/OUTPUTS 

VCS/OSCO 

Input voltage HIGH Vin 2.0 — 6.0 V 
Input voltage LOW VIL 0 — 0.8 V 


Input current (output OFF) at 
VV, =0 to Vppt+0.3 V; 


Input capacitance Cy — — 10 pF 
TCS | 

Input voltage HIGH VIH 3.5 a 10.0 V 
Input voltage LOW VIL 0 — 1.5 V 


Input current at 
V, =O to Vppt0.3 V; 
Tamb = 25 °C ly —10 _ + 10 pA 


Input capacitance Cy - - 10 pF 


Output voltage HIGH at 
loH = —200 to 100 vA VOH 2.4 — 6.0 V 


Output voltage LOW at Vo, = 3.2 mA VOL 0) — 0.4 V 
Load capacitance Cy = — 50 pF 


A1/D0 to A16/D15, UDS, R/W 


Input voltage LOW VIL 0 _ 0.8 V 
Input voltage HIGH Vin 2.0 — 6.0 V 


Input current at 
V, =O to Vppt0.3 V; 
Tamb = 25 °C ly —10 — + 10 LA 


Input capacitance C| t= — 10 pF 
Output voltage HIGH at lop = —200 vA VOH 2.4 _ Vpp V 
Output voltage LOW at Io, = 3.2 mA VOL 0 — 0.4 V 
Load capacitance CL — —_ 200 pF 
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TIMING 

F6 (Fig. 3) 

Rise and fall times tr, tf ns 
Frequency frg . . MHz 


CLKO, F1/6, R, G, B, VDS, 
FS/DDA, OD (notes 4, 5 and Fig. 6) 


CLKO HIGH time tCLKH ns 
CLKO LOW time tCLKL ns 
CLKO rise and fall times tCLKr ns 
tCLKf 
CLKO HIGH to R, G, B, VDS change tvcH ns 
R, G, B, VDS valid to CLKO rise tvoc ns 
CLKO HIGH to R, G, B, VDS valid tcov ns 
CLKO HIGH to R,G, B, VDS floating 
after OD fall tFop ns 
Skew between outputs R, G, B, VDS tys ns 
R, G, B, VDS rise and fall times tyr, ty¢ ns 
CLKO HIGH to R, G, B, VDS active 
after OD rise tAOD ns 
CLKO HIGH to FS/DDA change tcoD ns 
FS/DDA valid to CLKO rise tpoc ns 
_F1 HIGH time (note 6) tF1H ns 
F1 LOW time (note 6) tei ns 
F6 HIGH time tF6H ns 
F6 LOW time tF6L ns 
OD to CLKO rise set-up tops ns 
OD to CLKO HIGH hold toDH ns 


MEMORY ACCESS TIMING 
(notes 7, 8, 9 and Fig. 7) 


UDS, LDS, A 

Cycle time | ns 
UDS HIGH to bus-active for address output ns 
Address valid set-up to AS fall ns 
Address valid hold from AS LOW ns 
Address float to UDS fall ns 
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AS LOW to UDS fall delay 
UDS, LDS HIGH time _ — ns 
UDS, LDS LOW time = — ns 
AS HIGH time — _ ns 
AS LOW time = 7 ns 
| AS LOW to UDS HIGH — _ ns 
| Data valid set-up to UDS rise — — ns 
Data valid hold from UDS HIGH a on ns 
UDS HIGH to AS rise delay is - ns 
AS LOW to data valid — 270 ns 
Link-through buffers 
(notes 7, 8 and Fig. 8) 
BUFEN LOW to output valid — 100 ns 
Link-through delay time — 85 ns 
Input data float prior to direction change _ _ ns 
Output float after direction change — 60 ns 
Output float after BUFEN HIGH — 60 ns 
Microprocessor READ from EUROM 
(Fig. 9) 
R/W HIGH set-up to UDS fall - — ns 
UDS LOW to returned-data access time _ 210 ns 
RE LOW to returned data access time — 210 ns 
Data valid to DTACK LOW delay = me ns 
DTACK LOW to UDS rise _ = ns 
UDS HIGH to DTACK rise — 50 ns 
UDS HIGH to address hold 7 ™ ns 
UDS HIGH to data hold — _ ns 
UDS HIGH to RE rise —_ — ns 
UDS HIGH to R/W fall — — ns 
UDS LOW to DTACK LOW —~ 260 ns 
Address valid to UDS fall se _ ns 
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MEMORY ACCESS TIMING (continued) — 
Microprocessor WRITE to EUROM (Fig. 10) 
Write cycle time (note 10) 

R/W LOW set-up to UDS fall 

RE LOW to UDS fall 

Address valid to UDS fall 


UDS LOW to DTACK LOW 

DTACK LOW to UDS rise 
HIGH to DTACK rise 
HIGH to data hold 

UDS HIGH to address hold 
H 
H 


IGH to RE rise 
IGH to R/W rise 


F1/6 to memory access cycle (Fig. 11) 
UDS HIGH to F6 (component of F 1/6) rise 
F6 (component of F1/6) HIGH to UDS rise 


SYNCHRONIZATION and BLANKING 
TCS, SAND, FS/DDA 


See Fig. 12 for timing relationships 
and Fig. 13 for vertical syne and 
blanking waveforms. 


Notes to the characteristics 


1. 
2. 
3. 
4 


5. 


ae 


= ON 


Pin 30 must be biased externally as it is internally a.c. coupled. 
16-level analogue voltage outputs. 

Output voltage guaranteed when programmed for top level. 
CLKO, R, G, B, F1/6, VDS: Ci = 25 pF 

FS/DDA: C, = 50 pF 

CLKO, F1/6, VDS, FS/DDA: reference levels = 0.8 to 2.0 V 

R, G, B: reference levels = 0,8 to 2,0 V with Vafr=2./V 
These times may momentarily be reduced to a nominal 83 ns in slave-sync mode at the moment 
of re-synchronization. 

Cy = 150 pF. 

Reference levels = 0.8 to 2.0 V. 

F6 input at 6 MHz. 


0. Microprocessor write cycle times of less than 500 ns are permitted but often result in Wait States 


being generated, the precise timing of DTACK will then depend on the internal synchronization 
time. 
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90% V, 
tr tf 7Z80579 
Fig. 3 F6 input waveform 
Cy L R, 
Co 
7280580 
(a) (b) 


(1) Catalogue number of crystal: 4322 143 04101 


Fig. 4(a) Oscillator circuit for SAA5350 stand-alone sync mode and (b) equivalent circuit of crystal at 
resonance (see characteristics for values). 


—— RR FF 


7280581 


VREF Yss 


select 
1 from 16 


R,G, or B analogue 
output 


Fig. 5 Circuit arrangement giving one-of-sixteen reference voltage levels for the R, G or B analogue 
outputs. 
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tCLKH> 


CLKO 
tCLKL tCLKr 
tCLKf 
XT XM TX 


VDS 
tyr tye 
t 
tpoc COD 


== ae ares |S Sees (ar ae 


7Z80582 


Fig. 6 Video timing. 


«—tpsu-> <—_—$» 
tDSH 


tSan 


DO to D15 ADDRESS 
A1 to A16 < OUTPUT < eee > 


tHDS 
abs are a 


Fig. 7 Memory access timing. 
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Fig. 9 Timing of microprocessor read from EUROM. 
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Sa MMM 
As/001 LLL rr) 


tass —~| j~<— 


fp ieee 


UDS 


Ba i —_—_§_§_—_—  t_ys——"_"— tosa 
R/W 


—____— toy ——______> 
<—>tDoTa tupw 


DTACK 


Ce: 3 =< ere ae toTR—~| ~<- 


Fig. 10 Timing of microprocessor write to EUROM. 


Fig. 11 Timing of F1/6 to memory access cycle. | 
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Fig. 12 Timing of synchronization and blanking outputs; 
all timings are nominal and assume ffg = 6 MHz. 
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5 equalizing 
" pulses 
(2% lines) 


end of 4th field (odd) 


| 622 |.623 | 624 | 625 


end of 1st field (even) —>- 


| 310 


field blanking (25 lines + line blanking) ————___ i? 


5 broad 5 equalizing 
pulses pulses 
(21% lines) (21% lines) 


start of 1st field (even) 


1{2]1314]5]6{7 18 | 9 | 0] 1 | 12 | 13: | 14 | 15 | 16 | 17 | 18 [| 19 | 20 | 21 | 22 | 23 | 


start of 2nd field (odd) 


311 | 312 | 313 | 314 | 315 | 316 | 317 | 318 | 319 | 320 | 321 | 322 | 323 | 324 | 325 | 326 | 327 | 328 | 329 | 330 | 331 | 332 | 333 | 334 | 335 | 336 | 


7280589 
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Fig. 13 Vertical synchronization and blanking waveforms; separation 
of broad pulses = 4.75 ys; equalizing pulse widths =.2.25 us. 
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APPLICATION INFORMATION 
More detailed application information is available on request 
BASIC VIDEOTEX DECODER CONFIGURATION 


A basic, practical decoder configuration is shown in Fig. 14, reference should also be made to the 
block diagram Fig. 1. 


EUROM 
SAA5350 


ti 


373 


RAM 2K16 | 


CONTROL LOGIC 


Fig. 14 Basic videotex decoder configuration. 


7295256 


Character and attribute data is fetched from the external memory, processed by the row buffer fill 
logic according to the stack coding scheme (in stack mode) and then fed into one half of the dual 
display row buffer. The data fetch process takes place during one line-flyback period (per row) and, 
since time is required to complete the fill, the other half of the dual row buffer is used for display. 
The row buffers exchange functions on alternate rows — each holds the 40 columns of 32 bits required 
to define explicitly every character in a row. 


The addresser is used for row buffer filling and for fetching screen colours, and during the display time 
it is also used for addressing DRCS characters. 

Timing 

The timing chain operates from an external 6 MHz clock or an on-chip fixed-frequency crystal 
oscillator. The basic video format is 40 characters per row, 24/25 rows per page and 10 video lines 

per row. EUROM will also operate with 20/21 rows per page and 12 video lines per row. The two extra 
lines per row are added symmetrically and contain background colour only for ROM-based alpha- 
numeric characters. DRCS characters, block and smooth mosaics and line drawing characters occupy 
all 12 lines, 


The display is generated to the normal 625-line/50 Hz scanning standard (interlaced or non-interlaced). 
In addition to composite sync (pin 32) for conventional timebases, a clock output at 1 MHz or 6 MHz 
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(pin 29) is available for driving other videotex devices, and a 12 MHz clock (pin 27) is available for 
hard-copy dot synchronization. A defined-display-area timing signal (pin 33) simplifies the application 
of external peripherals such as a light pen; this signal is nominally coincident with the character dot 


information. 


Character generation 


EUROM supports eight character tables, each of (nominally) 128 characters. Four tables are in on-chip 
ROM and contain fixed characters and four are stored in an external RAM. The contents of the fixed 


character tables (Tables 0 to 3) are shown in Figs 15 and 16. 


Aa OBPop 
fix! 1TAQaq 
Be” PBRbr 
wus3scScs 
caa4DTdt 
eeosEveu 
LLiijb6FVEv 
oo’ 7GWow 
uu lB8HKhx 
Ba)SLYiy 
Oak: IZIz 
e660; KAkKS 
Ti,iL616 
nNhn-oMUmii 


Aa. BNi ni 


Co/t0#0: 


( 


fr): Uc cc: 
“7 
hy 
CS 
- 


PO Rt D0 Qui sds > Ue Cos E> > A i. SS 
Ee tet Bae EO Be 


fal cane ee 
Weed D eS 


Gle Ge Us ec > Oe 


J 
+ 


Fig. 15 On-chip characters: (a) Table 0; (b) Table 1. 
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The 128 most commonly used characters are contained in Table O, these are the standard upper and 
lower-case letters of the Roman alphabet, numerals, punctuation and the more common accented 
characters. In normal text transmission, Table O is used most of the time. Table 1 contains other 
accented characters. Miscellaneous characters, mathematical symbols, the line drawing character set 
and accents without associated symbols are contained in Table 2. Table 3 contains the block mosaics 
for the basic alpha-mosaic service and also the new smooth mosaics. 


The four tables stored in the external RAM (Tables 4 to 7) are used for DRCS. 


Scroll map 


The scroll map uses a 26- byte area of on-chip RAM and functions in association with the timing chain 
[t maps the scan row on to the fetched memory row so allowing the stored page to be displayed in any 
row order. For each row, a 1-byte pointer to the display memory row is stored in the scroll map. This. 
allows scrolling without the need for data transfer to, or from, side storage. 

Additional control bits are-stored, allowing 1 to 25 rows to be displayed at any location on the screen. 


Colour map and digital-to-analogue converters 


The colour map RAM contains thirty-two 12-bit words that are loaded by the microprocessor and read 
out in three 4-bit groups at pixel rate. Each group is fed to a non-linear (gamma-corrected) D-A con- 
verter. The resulting R, G and B outputs are low-impedance with peak-to-peak amplitudes controlled 
by the reference joltage applied at pin 21. 


Cursor 


The cursor is available in the stack mode. Its position, character code, character table, foreground 
colour, background colour, lining and flash attributes are all software programmable via internal 
register bits. 


NON-VIDEOTEX APPLICATIONS | 
For non-Videotex applications, the device will also support the following operating modes: 


Explicit fill mode. An alternative 40 character/rows mode which does not use the memory compression 
technique of stack coding. More display memory is required but there are no eaitations on the number 
of display attribute changes per row. 


80 characters/rows mode. When operating with 80 characters per row, the available dissiay attributes 
are eight foreground colours, eight (potentially different) packaoune colours (including transparent) as 
well as underline and blink. : 


Full field DRCS mode. This mode ig not mutually exclusive to the explicit fill and 80 characters/rows 
modes but rather the available DRCS memory is expanded so that the whole screen can be covered, 
thus enabling a ‘bit map’. All ROM-based characters and all display attributes remain available. 


MICROPROCESSOR and RAM BUS INTERFACE 

Three types of data transfer take place at the bus interface: 

@ EUROM fetches data from the display memory 

@ The microprocessor reads from, or writes to, EUROM's internal register map 
e The microprocessor accesses the display memory 
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EUROM access to display memory (Figs 17 and 18) 


EUROM accesses the external display memory viaa 16-bit multiplexed address and data bus with a cycle 
time of 500 ns. The address strobe (AS) signal from EUROM flags the bus cycle and writes the address 
into octal latches (74LS373). The display data is stored in bytes of upper (most-significant) and lower 
(least-significant) display information and is always fetched in pairs of bytes (upper + lower = 16 bits). 
The upper and lower display RAM sections are enabled simultaneously by the upper and lower data 
strobes (respectively UDS and LDS) which are always asserted together to fetch a 16-bit word. The 
read/write control R/W is included although EUROM only reads from the display memory. 


R 
EUROM G 
SAA5350 B 
A16 to AQ AB to Al TCS 
D15 to D8 D7 to DO 
R/W LDS 
8 (1) (1) 
373 ‘ 373 
A16 to A9 
8 A8 to Al 
DISPLAY MEMORY 7295258 


(1) 74LS373 octal transparent latch (3-state) 


Fig. 17 Simple RAM interface circuit for display memory access. 


CA AAAAC 
RRKRLKA 
RIKI 
VLE 


7295257 


Fig. 18 Bus timing for display memory access. 
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The display memory organization uses the word/byte addressing convention adopted for the SCN68000 
microprocessor series. Data fetched on the 16-bit bus is considered in terms of bytes where the even 
numbered bytes use the upper (most-significant) part of the bus as shown in Fig. 19. The word addresses 
are numerically the same as the upper byte that they contain — there are no odd-numbered word 
addresses. 


D15 to D8 D7 to DO 


WORD 1FFFE 
BYTE 1FFFE , BYTE 1FFFF 


7Z95251 


Fig. 19 Display memory word/byte organization. 


Warning time 


As EUROM is a real-time display device, it must have direct access to the display memory with 

priority over the microprocessor and other peripheral devices. This is achieved by EUROM issuing a bus 
request (BR) signal for the duration of the memory access plus a programmable advance warning time 
which allows the microprocessor to complete its current bus cycle. 


In systems where the buses of the microprocessor and EUROM are intimately connected (connected 
systems), BR may be used to suspend all microprocessor activity so that EUROM can act as a dedicated 
DMA controller. In systems where the two buses are separated by buffers (disconnected systems), BR 
may be used either to generate an interrupt or as a direct signal. To these ends, the warning time 
between the assertion of BR and the beginning of EUROM’s bus activity is programmable to be between 
0 and 23 us. 
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Microprocessor access to register map 


EUROM has a set of internal registers which, when memory-mapped, behave as an 8-bit wide RAM 
connected to the upper part of the data bus (Fig. 20). The control signals UDS and R/W are reversed 
to become inputs and the register map is enabled by the signal RE . Addresses are input via the lower 
part of the bus. A data transfer acknowledge signal (DT ACK) indicates to the microprocessor that the 
data transfer is complete. 


EUROM 
SAA5350 


REGISTER 
MAP 7 


RE UDS A16 to AQ R/W A6toA1  DTACK 
D15 to D8 D5 to DO 


7Z95252 


Fig. 20 Microprocessor access to register map. 


The main data and address paths used in a connected 68000 interface are shown in Fig. 21. The outputs 
from the octal latches (74LS373) are enabled only when the 68000 has made the bus available in 
response to a bus request (BR). When the register map is accessed data is transferred via the upper part 
of the bus and the microprocessor’s low-order address is passed to EUROM via the octal buffers 
(74LS244). At the same time the bidirectional buffers (74LS245) disable the signals from the low order 
data bus of the 68000. 


The buffers ‘244 and ‘245 may be omitted in a 16-bit write-only configuration where the least-significant 
data byte is interpreted by EUROM as an address. Here it will generally be necessary for the micro- 
processor to hold a (readable) ‘master copy’ of EUROM’s scroll map contents at a location in its main 
memory. 


8-bit microprocessors 


Although the control bus is optimised for the SCN68000 16-bit microprocessor unit, EUROM will 
operate with a number of widely differing industry-standard 8, 16 or more-bit microprocessors or 
microcontrollers (e.g. SCN68008, MAB8051). The interfacing of 8-bit microprocessors to the 16-bit 
wide display memory is made simple by EUROM’s on-chip link-through buffer which provides the 
microprocessor with bidirectional access to the lower (odd) half of the memory. The link-through 
buffer is enabled by the buffer-enable signal BUFEN, and the send/receive direction is controlled by the 
signal S/R. 


The main data and address paths used in a connected 8-bit microprocessor system are shown in Fig. 22. 
The interface is similar to that of the 16-bit system but here the display memory does not receive AO 
as an address, rather AO is used as the major enabling signal for BUFEN (enables when HIGH). 
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rn) REGISTER 


A16 to AQ 
D15 to D8 


UPPER 
DISPLAY 


SYSTEM 
MEMORY 


MEMORY 


BR R/W a 


Di5 to D8 D7toDO A23toA17 A16 to A9 A8 to Al 


68000 
7Z95259 


(1) 74LS373 octal transparent latch (3-state) 
(2) 74LS244 octal buffer (3-state) 

(3) 74LS245 octal bus transceiver (3-state) 
(4) SCN68000 microprocessor unit 


Fig. 21 Connected 16-bit microprocessor system. 
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(1) 74LS373 octal transparent latch (3-state) 
(2) 74LS244 octal buffer (3-state) 


Fig. 22 Connected 8-bit microprocessor system. 
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Disconnected systems 

For many applications it may be desirable to disconnect EUROM and the display memory from the 
microprocessor and its ROM, RAM and other peripherals by using isolating buffers as shown in Fig. 23. 
The two parts of the system then operate independently and communicate only when the micro- 
processor accesses EUROM’s register map or the display memory. 


EUROM 
SAA5350 


UPPER 
(EVEN) 
DISPLAY 
MEMORY 


data bus 


address bus Maeete dl 


(1) 74LS373 octal transparent latch (3-state) 
(2) 74LS244 octal buffer (3-state) 
(3) 75LS245 octal bus transceiver (3-state) 


7Z95261 


Fig. 23 Disconnected 8-bit system. 
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Synchronization 
Stand-alone mode 


As a stand-alone device (e.g. in terminal applications) EUROM can output a composite sync signal (TCS) 
to the display timebase !C or to a monitor. Timing is obtained from a 6 MHz on-chip oscillator using an 
external crystal as shown in Fig. 24. 


VCS/OSCO 
R,G,B 


EUROM 


SAA5350 Tcs 


to timebase 


7295254 


Fig. 24 Stand-alone synchronization mode. 


Simple-slave 


In the simple-slave mode EUROM synchronizes directly to another device, such as to the TCS signal 
from the SAA5240 European computer-controlled teletext circuit (CCT) or from another EUROM as 
shown in Fig. 25. EUROM’s horizontal counter is reset by the falling edge of TCS. A dead time of 250 ns 
is built in to avoid resetting the counter at every tv line and so prevents screen jitter. 

Field synchronization is made using EUROM’s internal field sync separator. 


6 MHz 


F6 


R,G,B 


TCS euyROM 
SAA5350 


SAA5240 


TCs 7295255 
to timebase 


Fig. 25 Simple-slave (direct sync) mode. 
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Phase-locked slave . 


The phase-locked slave (indirect sync) mode is shown in Fig. 26. A phase-locked VCO in the SAA5230 — 
teletext video processor provides sync to the timebases. When EUROM is active, its horizontal counter. 
forms part of the phase control loop — a horizontal reference is fed back to the SAA5230 from the 
SAND output and a vertical reference is generated by feeding separated composite sync to EUROM’s 
field sync separator via the VCS input. In the phase-locked slave mode, the display derived from EUROM 
can sync with that from a tv source or a local VLP player, thus giving picture-in-text display possiblities. 


broadcast 
video 
( baseband ) 


F6 


SAND EUROM 
vcs  SAA5350 


TCS 


SAND 


F6 
TCS 


R,G,B 


7295253 
sync 
to timebase 


Fig. 26 Phase-locked slave (indirect sync) mode. 
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SOLDERING 


1. By hand 


Apply the soldering iron below the seating plane (or not more than 2 mm above it). 
If its temperature is below 300 9C it must not be in contact for more than 10 seconds; if between 
300 °C and 400 °C, for not more than 5 seconds. 


2. By dip or wave 


The maximum permissible temperature of the solder is 260 °C; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 
must not exceed 5 seconds. 

The device may be mounted up to the seating plane, but the temperature of the plastic body must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis- 
sible limit. 


Ww 


. Repairing soldered joints 
The same precautions and limits apply as in (1) above. 
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GENERAL DESCRIPTION 


The PCF8573 is a low threshold, monolithic CMOS circuit that functions as a real time clock/calendar 
in the Inter 1C (12C) bus-oriented microcomputer systems. The device includes an addressable time 
counter and an addressable alarm register, both for minutes, hours, days and months. Three special 
control/status flags, COMP, POWF and NODA, are also available. Information is transferred serially via 
a two line bidirectional bus (1?C). Back-up for the clock during supply interruptions is provided by a 
1,2 V nickel cadmium battery. The time base is generated from a 32,768 kHz crystal-controlled 
oscillator. 


Features 


@ Serial input/output bus (12C) interface for minutes, hours, days and months 
Additional pulse outputs for seconds and minutes 

Alarm register for presetting a time for alarm or remote switching functions 
Battery back-up for clock function during supply interruption 

Crystal oscillator control (32,768 kHz) 


QUICK REFERENCE DATA 


Supply voltage range (clock) Vpp-Vss1 1,1 to 6,0 V 
Supply voltage range (1?C interface) Vpp-Vss2 2,5to 6,0 V 
Crystal oscillator frequency fosc typ. 32,768 kHz 
PACKAGE OUTLINES 


PCF8573P: 16-lead DIL; plastic (SOT-38). 
PCF8573T: 16-lead mini-pack; plastic (SO-16L; SOT-162A). 
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FSET MIN SEC Vop 
| 10 
: 
32,768 kz 15V 
Osco | 
an 13 | OSCILLATOR pee ee i al 
oe | 1:218 i 1:60 z 3 RESET Vss1 
oT Vggo 
Vop J : | 
SDA TIME COUNTER EXTPF 
DAYS —* MONTHS 
SCL MINUTES —> HOURS —» DATE <— BRN 
COMP 
BUS 
CONTROL TEST 
LEVEL SHIFTER PCF8573 
Tee 
7Z86691.1 
AO Al 
Fig. 1 Block diagram. 
PINNING 
1 AO address input 
2 Al address input 
3 COMP comparator output 
4 SDA serial data line | °C b 
5 SCL serial clock line | 
6 EXTPF enable power fail flag input 
7 PFIN power fail flag input 
8 Vss2 negative supply 2 (12C interface) 
9 MIN One pulse per minute output 
10 SEC one pulse per second output 
11 FSET oscillator tuning output 
12 TEST test input; must be connected 
to Vss9 when not in use 
13 OSCI ___ oscillator input 
PeeGCeee 14 OSCO oscillator input/output 
Fig. 2 Pinning diagram. 15 Vss1 negative supply 1 (clock) 
16 Vppb common positive supply 
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FUNCTIONAL DESCRIPTION 
Oscillator 


The PCF8573 has an integrated crystal-controlled oscillator which provides the timebase for the 
prescaler. The frequency is determined by a single 32,768 kHz crystal connected between OSCI and 
OSCO. A trimmer is connected between OSC! and Vpp. 


Prescaler and time counter 


The prescaler provides a 128 Hz signal at the FSET output for fine adjustment of the crystal oscillator 
without loading it. The prescaler also generates a pulse once a second to advance the seconds counter. 
The carry of the prescaler and the seconds counter are available at the outputs SEC, MIN respectively, 
and are also readable via the |?C bus. The mark-to-space ratio of both signals is 1: 1. The time counter 
is advanced one count by the falling edge of output signal MIN. A transition from HIGH to LOW of 
output signal SEC triggers MIN to change state. The time counter counts minutes, hours, days and 
months, and provides a full calendar function which needs to be corrected once every four years. Cycle 
lengths are shown in Table 1. 


Table 1 Cycle length of the time counter 
number counting carry for content of 


of bits cycle following month 
unit counter 


minutes 00 to 59 59 — 00 
hours 00 to 23 23 —* 00 


days 01 to 28 28 —+~ 01 
| or 29 —e01 
01 to 30 30 —+~01 4,6,9,11 
01 to 31 31—+ 01 1, 3, 5, 7, 8, 10, 12 
months 01 to 12 12 —~01 


2 (see note) 


Note: Day counter may be set to 29 by a write transmission with EXECUTE ADDRESS. | 


Alarm register 


The alarm register is a 24-bit memory. It stores the time-point for the next setting of the status flag 
COMP. Details of writing and reading of the alarm register are included in the description of the 
characteristics of the I?C bus. 


Comparator 


The comparator compares the contents of the alarm register and the time counter, each with a length 
of 24 bits. When these contents are equal the flag COMP will be set 4 ms after the falling edge of MIN. 
This set condition occurs once at the beginning of each minute. This information is latched, but can be 
cleared by an instruction via the I?C bus. A clear instruction may be transmitted immediately after the 
flag is set and will be executed. Flag COMP information is also available at the output COMP. The 
comparison may be based upon hours and minutes only if the internal flag NODA (no date) is set. 
Flag NODA can be set and cleared by separate instructions via the I?C bus, but it is undefined until 
the first set or clear instruction has been received. Both COMP and NODA flags are readable via the 
I?C bus. 
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FUNCTIONAL DESCRIPTION (continued) 
Power on/power fail detection 


If the voltage Vpp—Vssj falls below a certain value the operation of the clock becomes undefined.” 
Thus a warning signal is required to indicate that faultless operation of the clock is not guaranteed. 

This information is latched in a flag called POWF (Power Fail) and remains latched after restoration 

of the correct supply voltage until a write procedure with EXECUTE ADDRESS has been received. 

The flag POWF can be set by an internally generated power fail level-discriminator signal for application 
with (Vpp—Vss7) greater than V71}44, or by an externally generated power fail signal for application 
with (Vpp—Vss7) less than V7}44. The external signal must be applied to the input PFIN. The input 
stage operates with signals of any slow rise and fall times. Internally or externally controlled POWF 

can be selected by input EXTPF as shown in Table 2. 


Table 2 Power fail selection 


0 : connected to Vssj (LOW) 
1 : connected to Vpp (HIGH) 


power fail is sensed internally 
test mode 

power fail is sensed externally 
no power fail sensed 


The external power fail control operates by absence of the Vpp—Vssz2 supply. Therefore the input 
levels applied to PFIN and EXTPF must be within the range of Vpp—Vssj. A LOW level at PFIN 
indicates a power fail. POWF is readable via the 1?C bus. A power on reset for the !?C bus control is 
generated on-chip when the supply voltage Vpp—Vss_2 is less than Vr}. 


Interface level shifters 


The level shifters adjust the 5 V operating voltage (Vpp—VssqQ) of the microcontroller to the internal 
supply voltage (Vpp—Vss1) of the clock/calendar. The oscillator and counter are not influenced by 
the Vpp—Vss2 supply voltage. If the voltage Vpp—Vss_2 is absent (Vss9 = Vpp) the output signal 
of the level shifter is HIGH because Vpp is the common node of the Vpp—Vsso2 and the Vpp—Vss1 
supplies. Because the level shifters invert the input signal, the internal circuit behaves as if a LOW signal 
is present on the inputs. FSET, SEC, MIN and COMP are CMOS push-pull output stages. The driving 
capability of these outputs is lost when the supply voltage Vpp—Vssp = 0. 
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CHARACTERISTICS OF THE I?C BUS 


The |?C bus is for 2-way, 2-line communication between different ICs or modules. The two lines are 

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 


Bit transfer (see Fig. 3) 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 


as control signals. 


| P 

| data line change 

| stable: of data 

| data valid allowed 7Z87019 


Fig. 3 Bit transfer. 


Start and stop conditions (see Fig. 4) 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to- LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 


oe ition 
start condition stop conditio 7287005 


Fig. 4 Definition of start and stop conditions. 


System configuration (see Fig. 5) 


A device generating a message is a ‘‘transmitter’’, a device receiving a message is the ‘receiver’. The 
device that controls the message is the ‘‘master’’ and the devices which are controlled by the master 
are the “‘slaves’’. 


MASTER oe MASTER 
TRANSMITTER/ | - TRANSMITTER/ TRANSMITTER/ 
RECEIVER RECEIEN RECEIVER TRANSMITTER RECEIVER 


7287004 


Fig. 5 System configuration. 
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~CHARACTERISTICS OF THE I°C bus (continued) 

Acknowledge (see Fig. 6) | ? 

The number of data bytes transferred between the start and stop sonditions from transmitter to 

receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 

bit isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has been ~— 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 

has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable 
the master to generate a stop condition. (See Fig. 13 and Fig. 14.) 


start clock pulse for 
condition acknowledgement 
| 


| ' 
SCL FROM | 
MASTER | 1 2 af \ Pe 
| 
| 


DATA OUTPUT — 
BY TRANSMITTER | 


| 
Ss 


DATA OUTPUT ae 
BY RECEIVER 
7287007 


Fig. 6 Acknowledgement on the I?C bus. 


Timing specifications 
Within the I?C bus specifications a high-speed mode and a low-speed mode are defined. The PCF8573 
operates in both modes and the timing requirements are as follows: 


High-speed mode 
Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in 
Fig. 7. 


” a \ 

—— tBUF—> | 
SCL 3 

—>ltup:sta le— —! thigh 
“Teale —_> a —_ <— 
‘HD;DAT 'SU;DAT 
SDA 
7Z87013.1 cari at —= a oe 
‘SU;STA tsu;STO 


Fig. 7 Timing of the high-speed mode. 
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Where: 
tBUF t 2 tLOWmin The minimum time the bus must be free before a new 
transmission can start 
tHD: STA t>tHiGHmin Start condition hold time 
tLOWmin 4,/ ys Clock LOW period 
tHiGHmin 4 us Clock HIGH period 
tsu: STA t 2 tLoWmin Start condition set-up time, only valid for repeated start code 
tHD: DAT t2O0us Data hold time 
tsU; DAT t 2 250 ns Data set-up time 
tr t<1us Rise time of both the SDA and SCL line 
tr t < 300 ns Fall time of both the SDA and SCL line 
tsu; STO t2tLOWmin Stop condition set-up time 
Note 


All the values refer to Vj} and Vj ,_ levels with a voltage swing of Vpp to Vssp. 
me LAL LE 
ee | = a | ae er] 
START ADDRESS R/W ACK DATA ACK START ADDRESS R/W ACK _ STOP 


CONDITION CONDITION 7Z87014 


Fig. 8 Complete data transfer in the high-speed mode. 


Where: 
Clock ti OWmin 4,7 us 
—THIGHmin 4 ys 
The dashed line is the acknowledgement of the receiver 
Mark-to-space ratio 1: 1 (LOW-to-HIGH) 
Max. number of bytes unrestricted 
Premature termination of transfer allowed by generation of STOP condition 
Acknowledge clock bit must be provided by the master 
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CHARACTERISTICS OF THE [°C BUS (continued) 
Low-speed mode 


Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 ys 
and a minimum HIGH period of 365 ys. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed 
timing is shown in Fig. 9. 


SDA 


ke tgup 
SCL 
—'! THD;STA <+— Epler ee GH See ae ~~ — tsu;DAT 
THD; an 
SDA 
7Z287015.1 —! tsu;sTA | en ee 
Fig. 9 Timing of the low-speed mode. 

Where: 
tBUF t > 105 ys (tLOoWmin) 
tHD; STA t > 365 us (tHiGHmin) 
tLow 130 ys + 25 us 
tHIGH 390 us + 25 us 
tSU;: STA 130 ys + 25 us* 
tHD; DAT t>Ous 
tSU: DAT t 2 250 ns 
tr t<1 us 
te t < 300 ns 
tsu: STO 130 us + 25 us 
Note 


All the values refer to Vj} and V)__ levels with a voltage swing of Vpp to Vsso, for definitions see 
high-speed mode. 


* Only valid for repeated start code. 
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it nn Jai (wer) chids (a Gees 


a a uJ eh a) 
START START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE = STOP 
CONDITION ACKNOWLEDGE START CONDITION 


CONDITION 7287016 


Fig. 10 Complete data transfer in the low-speed mode. 


Where: 
Clock tL OWmin 130 us + 25 us 
tHIGHmin 390 ys + 25 us 
Mark-to-space ratio 1:3 (LOW-to-HIGH) 
Start byte 0000 0001 
Max. number of bytes 6 
Premature termination of transfer not allowed 
Acknowledge clock bit must be provided by master 
Note 


The general characteristics and detailed specification of the 1?C bus are described in a separate data 
sheet (serial data buses) in handbook: !|Cs for digital systems in radio, audio and video equipment. 
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ADDRESSING | 


Before any data is transmitted on the I?C bus, the device which should respond is addressed first. The 
addressing is always done with the first byte transmitted after the start procedure. 


Slave address 


The clock/calendar acts as a slave receiver or slave transmitter. Therefore the clock signal SCL is only 
an input signal, but the data signal SDA is a bidirectional line. The clock calendar slave address is shown 
in Fig. 11. | 

MSB LSB 


BS EARS ES EI 


7286686 


Fig. 11 Slave address. 


The subaddress bits AO and A1 correspond to the two hardware address pins AO and A1 which allows 
the device to have 1 of 4 different addresses. 


Clock/calendar READ/WRITE cycles 


The I’C bus configuration for different clock/calendar READ and WRITE cycles is shown in Fig. 12 
and Fig. 13. 


acknowledge acknowledge acknowledge 
from slave from slave . from slave 
R/Wy | MSB LSB | 


CLOCK/CALENDAR 
Ss ADDRESS jo. MODE POINTER . DATA ale | 


| n bytes 
(n=0,1,2,...) 
auto increment 


7Z86687 


Fig. 12 Master transmitter transmits to clock/calendar slave receiver. 


The write cycle is used to set the time counter, the alarm register and the flags. The transmission of the 
clock/calendar address is followed by the MODE-POINTER-WORD which contains a CONTROL-nibble 
(Table 3) and an ADDRESS-nibble (Table 4). The ADDRESS-nibble is valid only if the preceding 
CONTROL-nibble is set to EXECUTE ADDRESS. The third transmitted word contains the data to be 
written into the time counter or alarm register. 
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Table 3 CONTROL-nibble 


Ye Je fio 


execute address 
read control/status flags 

reset prescaler, including seconds counter; without carry for minute counter 
time adjust, with carry for minute counter (see note) 

reset NODA flag 

set NODA flag 
reset COMP flag 


oooqooo0c oO 
-OoO-- 00 
o-o-0O- 0 


Note 


If the seconds counter is below 30 there is no carry. This causes a time adjustment of max. —30 s. 
From the count 30 there is a carry which adjusts the time by max. + 30s. 


Table 4 ADDRESS-nibble 


Yaz |e toon 
0 0 


time counter hours 
time counter minutes 
time counter days 
time counter months 
alarm register hours 
alarm register minutes 
alarm register days 
alarm register months 


COoOCDCCOC0CO 
-==-3-=-3=000 
-=-=00--00 
-=-O-0-0- 


At the end of each data word the address bits B1, BO will be incremented automatically provided the 
preceding CONT ROL-nibble is set to EXECUTE ADDRESS. There is no carry to B2. 


Table 5 shows the placement of the BCD upper and lower digits in the DATA byte for writing into the 
addressed part of the time counter and alarm register respectively. 


Table 5 Placement of BCD digits in the DATA byte 


E 


minutes 
days 


Where “’X”’ is the don’t care bit and ‘’D”’ is the data bit. 
Acknowledgement response of the clock calendar as slave receiver is shown in Table 6. 
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acknowledge acknowledge acknowledge acknowledge a) 
ie slave mv slave from slave from master no acknowledge 
R/w } R/W ee LSB MSB LSB | 


CLOCK/CALENDAR CLOCK/CALENDAR 


at this moment master (n—1) bytes ee nth byte ——»! 
transmitter becomes 
master receiver and 


CLOCK/CALENDAR 
becomes slave transmitter auto increment auto increment 


of B1, BO of B1, BO 7286690.1 


(1) The master receiver must signal an end of data to the slave transmitter by not generating an acknowledge on the /ast byte that has been 
clocked out of the slave. 


Fig. 13 Master transmitter reads clock/calendar after setting mode pointer. 


To read the addressed part of the time counter and alarm register, plus information from specified control/status flags, the BCD digits in 
the DATA byte are organized as shown in Table 7. 


acknowledge acknowledge 
from slave from master '') 
R/W | MSB LSB | 


CLOCK/CALENDAR Q DATA A 
| ADDRESS sla] para 
- | { 
1 { 
| n bytes ———»|! 


auto increment 
of B1, BO 7Z86689 


(1) The master receiver. must signal an end of data to the slave transmitter by not generating an acknowledge on the /ast byte that has been 
clocked out of the slave. 


Fig. 14 Master reads clock/calendar immediately after first byte. 


The status of the MODE-POINTER-WORD concerning the CONTROL-nibble remains unchanged until a write to MODE POINTER 
condition occurs. 


O/| IDES UUM JDPUZIND /}001D 


€L9840d 


UOHOO"WIOedS jONpOld 


SJONPOld sOEUT] SOWEUBIS 
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ADDRESSING (continued) 
Table 6 Slave receiver acknowledgement 


acknowledge on byte 
mode pointer address | mode pointer | data 


Safe, temp 


=-OAo0o 000000 °o = 


x----00000 
x KKK KKK KK XK 
x KK KK KK KK OX 
x KKK KK KK OK OK 


x? O-0-0-00 
x «KKK KKK KARO 


“x? -OO--000 


Where ‘’X’’ is the don’t care bit. 


Table 7 Organization of the BCD digits in the DATA byte 


MSB DATA LSB 
[wo]ve[vefualcopce [te [TA | wee 


hours 
minutes 
days 
months 


aa aig NODA | COMP | POWF conuelistas flags 


Where: ‘’D”’ is the data bit. 
* = minutes. 
** = seconds. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (JEC 134)... | 
Supply voltage ranges | oe Vpp-Vss1 | —0,3to+8 V 

| Vpp-Vss2 -0,3to+8 V 
Voltage on pins 4 and 5 a Vss2—0, 8 to Vpp +0,8 V* 
Voltage on pins 6, 7,13 and 14 Vss1—0, 6 to Vpp +06 V 
Voltage on any other pin - Vss2—0,6 to Vpp + 0,6 V 
Input current | r max. 10 mA 
Output current lo max, 10 mA 
Power dissipation per output Po max, 100 mW 
Total power dissipation per package Prot max. ~ 200 mW 
Operating ambient temperature range Tamb - 40 to + 85 °C 
Storage temperature range | a T stg | —55 to +125 OC 
HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be — 
totally safe, it is desirable to take normal pipers appropriate to handling MOS devices eee 
‘Handling MOS Devices’). : 


* Impedance min. 500 22. 
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CHARACTERISTICS 
Vss2 = 0 V; Tamb = —40 to + 85 OC unless otherwise specified. Typical values at Tamp = + 25 OC 


Supply 
Supply voltage (I?C interface) 


6,0 
(Vpp-Vssa) 


Vpp-—Vssz2 | 2,9 
Vpp-Vss1 | 1.1 


Supply voltage (clock! 


Supply current Vssq 
at Vpp—Vss1 = 1,5 V 
at Vpp—-Vss1=5 V 


10 
50 


—Iss1 a 
—Iss1 = 


Supply current Vss9 
at Vpp—Vss2 =5 V 
(Iq =O mA on all outputs) 


—Iss2 


Inputs SCL, SDA, AO, A1, TEST 
Input voltage HIGH 
Input voltage LOW 


Input leakage current 
at Vj = Vss9 to Vpp 


VI 0,7x Vpp 
VIL = 


Inputs EXTPF, PFIN 
Input voltage HIGH 
Input voltage LOW 


Input leakage current 
at Vj = Vss7 to Vpp 
V1 = Vss1 to Vpp 


Vin-Vssi | 0,7x(Vpp—Vss}1) 
Vit-Vss1 | 0 


0,3 x (Vpp-Vss1) 


1 


0,1 


Outputs SEC, MIN, COMP, FSET 
(normal buffer outputs) 
Output voltage HIGH 
at Vpp—Vss2 = 2,5 V; 
—l9o =0,1 mA 
at Vpp—Vss2 = 4 to 6 V; 
—l9 = 0,5 mA 
Output voltage LOW 
at Vpp—Vss2 = 2,5 V; 
lo = 0,3 mA 
at Vpp—Vss2 = 4 to6 V; 
lo = 1,6 mA 
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CHARACTERISTICS (continued) 


fener mimi [om [mem | ant 


Output SDA 
(N-channel open drain) 
Output “ON”: lg =3 mA 
at Vpp—Vss2 = 2,5 to 6 V 
Output “OFF” (leakage current) 
at Vpp—-Vss2 =6 V; Vo =6V 


Internal threshold voltage 
Power failure detection 
Power ‘‘ON"' reset 

at Vsc_ = VSDA = VDD 


Rise and fall times of input signals 
Input EXTPF 
Input PFIN 


Input signals except EXTPF and PFIN 
between Vj; and Vj} levels 
rise time 


fall time 


Frequency at SCL 


at Vpp—-Vss2=4to6V 
Pulse width LOW (see Figs 7 and 9) 
Pulse width HIGH (see Figs 7 and 9) 


Noise suppression time constant 
at SCL and SDA input 


Input capacitance (SCL, SDA) 


Oscillator 
Integrated oscillator capacitance 
Oscillator feedback resistance 


Oscillator stability for: 
A(Vpp—Vss11) = 100 mV 
at Vpp—Vssi1 = 1,55 V; 
Tamb = 25 °C 

Quartz crystal parameters 

Frequency = 32,768 kHz 

Series resistance 

Parallel capacitance 

‘Trimmer capacitance 
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Purchase of Philips’ 12?C components conveys a license under the 
Philips’ 1?C patent to use the components in the I?C-system 
provided the system conforms to the I?C specifications defined 


by Philips. 
R: pull-up resistor Hes 
SDA 


APPLICATION INFORMATION 


—— 


PCD8571 MICROCONTROLLER 


128 x 8 BIT STATIC CMOS RAM me 
Vss 
“4 
32,768kHz ———— 
PCE2111 
64 LCD 
SEGMENT DRIVER 


1ov _|+ 8 DIGIT LCD 


MASTER DEVICE 


Vpp OSCO OSCI 
a 


PCF 8573 


7 
Vss2 Test VYss1 


Al 


(NiCa) 
Ray : resi 
detection circuit ch: resistor for i 
with very high permanent charging 
impedance ‘ 
7Z286688.2 
|2C bus 


Fig. 15 Application example of the PCF8573 clock/calendar. 
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+5V 
HH 
2 eee ee cee 


SCL SDA Vpp 


SDA 
SCL 


SCL SDA Vpp 
AO 
OSCI 
PCF 8573 
TEST Cl 


MASTER S 
MICRO - 
CONTROLLER 


PCD8571 


| 
NY] PRIN OSCO 


EXTPF 
Vss2 Vssi 


Vss 


Vss 


7 7 7 Y 7287945 


Fig. 16 Application example of the PCF8573 with common Vss 1 and Vss@ supply. 
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FSET MIN SEC Vpop 
1 9 10 16 
+ 
VB * 
32768 Hz 16V 
osc’ PRESCALER 
14 POWER-ON 15 
13 
Vv Vss2 
DDB 2 50 Hz 8 
F50 LST) INTERFACE 7 
TIME COUNTER 7 POWF 
MINUTES —® HOURS —> paTE . MONTH ie 
1 
NODA 
ee. 
oF COMP 
CBUS | 
INPUT /OUTPUT 3 
REGISTER TEST 
LEVEL SHIFTER SAF3019 
4 5 6 7Z84545.4 
DATA  DLEN  CLB ; 
Fig. 1 Block diagram. 
Features 
®@ serial bidirectional CBUS interface for input/output of minutes, hours, day and month 
@ additional pulse outputs for seconds and minutes _ 
@ time register for presetting a time for alarm or remote switching functions 
® battery back-up for clock function during supply interruption | 
® controlled either by the 50 Hz mains frequency or a crystal oscillator (automatic switch) 
QUICK REFERENCE DATA 
Supply voltage Vpp typ. 5 V 
Tamb = —40 to + 85 9C VB 1.5 to2.6 V 
ran am 
Eee ERY ecee renee Tamb = 0 to + 70 °C VB 1.3 to 2.6 V 
Crystal oscillator frequency fosc typ. 32.768 Hz 
Alternative input frequency (pin 2) fF50 typ. 50 Hz 
Operating ambient temperature range Tamb —40 to+ 85 °C 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT-38D, DE). 


September 1985 


Signetics Linear Products | Product Specification 


Clock/Timer ~ SAF3049P 


GENERAL DESCRIPTION 


The SAF3019 is a C-MOS integrated circuit comprising a digital clock for minutes, hours, day and 
month, as well as an additional register for resetting minutes, hours, day and month. The time counter 
provides cycles of 28, 30 or 31 days automatically, depending on the length of the month. 


The time reference is the 50 Hz mains frequency or a 32.768 Hz on-chip reference oscillator with an 
external crystal. If the 50 Hz mains frequency is interrupted, the circuit is automatically switched to 
crystal oscillator operation. 


The circuit can be controlled by a microcomputer. The data transmission (e. g. TIME SET and TIME 
READ of the time counter and time register) is achieved via the CBUS. A milcrocon pater then controls 
the data processing and the display unit drive. | 


The circuit uses a 5 V supply for data transmission. If this 5 V supply is interrupted, the clock function 
is maintained by a 1.5 V battery. The clock can then continue to function for an extended period, 
because the battery load current is only a few pA. 


OPERATION DESCRIPTION | 

Oscillator and prescaler (outputs OSCO, FSET; inputs OSCI, F50) 

The 32.768 Hz reference oscillator is achieved by connecting a quartz crystal between the output OSCO 
and the input OSCI (see also Fig. 7). The oscillator frequency of 32.768 Hz is divided by 256, and again 
by 128, in a prescaler. This results in a pulse once every second which controls the time counter. The 
divided-by-256 oscillator frequency (128 Hz) is available at FSET, which is used for fine-adjustment 

of the oscillator without loading it. | 

The circuit can also be operated by applying the 50 Hz mains frequency to input F50. This signal is 
divided-by-50 to obtain a pulse every second to drive the time counter. Input F50 has a Schmitt trigger 
characteristic which allows slowly rising pulses at this input. 


If the mains frequency is interrupted, automatic quartz crystal operation is obtained (see Fig. 8). When 
the 50 Hz operation is not used, input F50 should be connected to ground (Vss9). 


Time counter (outputs SEC, MIN) 


The one-second pulses are counted by a (no direct TIME READ) seconds counter and, after 60 seconds, 
they are transferred to successive counters for minutes, hours, day and month. This counter can be 
TIME SET and TIME READ by a microcomputer via the CBUS interface. The cycle length for the 

time counter is given in Table 1. 


The seconds and minutes pulses are avilable at output SEC and MIN respectively, with a rie ratio of 
0.5. 


The input/output DATA is set LOW at each transfer of seconds to the minutes counter i. e. each 
minute), as long as the CBUS is not occupied by a DLEN = HIGH transmission. 


DATA will be set HIGH again by a TIME ADDRESS/TIME READ or TIME SET instruction. 
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Table 1 Cycle lengths of time counter 


unit counting carry for content of 
cycle following unit month counter 
minutes eee 12 
hours ere 12 
days 2 
2 
4,6,9,11 
1,3, 5, 7, 8, 10, 12 
months 


* The day counter may be set to 29.2. by a TIME SET instruction (for a leap year), then the month 
transfer occurs at 1.3. 


Comparator (output COMP; input NODA) 


The time register for a preset switching time (alarm or remote switching) is a 24-bit memory, which can 
also be set and read-out via the CBUS interface. If both the times of the time counter and the time 
register are equal, the output COMP becomes HIGH for one minute. 


It is possible to choose a comparison between time counter and the time register either based upon 
minutes, hours, day and month (i.e. clock time and date) or minutes and hours (i.e. daily). It is 
controlled by bit ‘UC’ and input NODA (see also Table 3) during setting of the month register; 


comparison with date: UC = 0 and NODA = LOW 
comparison daily: UC=10r NODA= HIGH. 


CBUS interface 


The data transmission of the SAF3019 to the microcomputer (TIME READ) and vice versa (TIME 
SET) is possible via the CBUS; DATA (input/output), DLEN (input) and CLB (input). 


Data and addresses are transmitted serially via the DATA line, which are synchronized with the clock 
burst (CLB) pulses from the microcomputer. The duration of the data transmission is determined by 
the number of CLB pulses when DLEN = HIGH. 


The IC includes a word format checking function, which allows the CBUS to be used for controlling 
other circuits as well. The following word lengths are recognized as valid transmissions: 

@® TIME ADDRESS (3-bits and 1 start bit); 

@ TIME SET (10-bits and 1 start bit). 

A TIME ADDRESS instruction always has to be followed by a TIME READ (7-bits) sequence. A TIME 
SET instruction combines address and data. With each instruction (each TIME ADDRESS and TIME 
READ instruction cycle) two digits of the time counter and time register can be set. The result is, that 
for acomplete TIME READ and TIME SET transmission, 4 cycles TIME ADDRESS/TIME READ or 

4 TIME SET instructions are needed. 
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H 
DLEN 
L 


7284542 .1 


Vin | Vv 
DLEN 1H 
wae 
Vss2 
Vpp es 
Vin ; 
CLB 2 ! 
. Vib - Vit Vit 
aaa = ae 
Vop t=: om i= 
Vin | 
DATA 
Vib 
Vgs2 ne 
——__—__-___J- —_—p-| |<. Alf ericncereliten | | till ———ie | 
tSUEN tsuDA| | tHDDA tsup! tsuLD 
ENABLE DATA DATA : DISABLE LOAD 
72Z86339.1 


Fig. 3 CBUS timing. 
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TIME READ 


First the bits S, AO and A11 are transferred from the microcomputer to the SAF3019 with the TIME 
ADDRESS instruction. With the next instruction (TIME READ), the contents of the selected digits are 
transferred from the SAF3019 to the microcomputer. 


vata YY [slols Vy 


data is input data is output 
TIME ADDRESS TIME READ 


7Z84544.1 


Fig. 4 TIME ADDRESS/TIME READ cycle. 


Table 2 Selected digits with respect to the address bits and the TIME READ instruction function. 


D D D D minutes 
D D D D hours time read 
D D D D date counter 
D D D 0 |. month 
D D D D minutes 
D D D D hours time read 
D D D D date register 
D D D 0 month 

D = data bit. 

TIME SET 


The TIME SET instruction transfers the address bits S, AO and A\1 as well as the selected J digits of the 
BCD-coded incoming data from the microcomputer to the SAF3019. The last bit (UC) can control special 
functions. A TIME SET instruction will not stop the time counter, and also will not foes a non- 
selected digit for transmission. 


The prescaler and seconds counter are reset with the TIME SET instruction when S = 0, AO = 0,A1=0 
(addressed for month) and UC = 0. If the seconds counter is between 30 and 59, this instruction 
generates a transfer for the minutes counter. Therefore, this instruction may be used for a very simple 
correction of the time counter if the deviation is within +30 seconds. 


5-619 September 1985 


Signetics Linear Products Product Specification 


Clock/Timer | SAF3019P 


CLB 
L 


H 
DLEN 
L 


H 
DATA 
; L 


7Z84543.1 


Fig. 5 Data format for TIME SET instruction. 


Table 3 Selected digits with respect to the address bits and the possible TIME SET instruction function. 


ENC SR 


instruction 


D D minutes 
; : > ‘ D : : xX hours time set 
0 0 D D D D D D Xx date counter 
0 0 D D D D D X 1 month 
0 of x} x} xifx 4] x | x | 0 | seconds | reset 


| counter 


month* * 


1 D D D D D D minutes 
1 D D D D D D hours time set 
1 D D D D D D date register 
1 D D D D D x month* 

1 Di JD), We) Wh Deak. a 


D = data bit; X = 1 or O. 
* Compare with date. ** Compare without date. 


Level shifters 


The circuit has been designed for ewueiies operation. However, to interface with the microcomputer, 
most inputs and outputs have level shifters to operate with the 5 V supply voltage of the micro- 
computer. These level shifters only function when the 5 V supply (Vpp) is available. The internal 
clock function is independent of this supply. 


Power failure (output POWF) 


If the supply voltage Vpp-Vss7 is below a certain internal value (VpQwep), the power-failure output 
(POWF) is set HIGH. The threshold voltage Vpowe is lower than the minimum battery voltage 
Vpp-Vssi1- This battery is required as back-up for the logic circuitry. It is impossible to have data 
transmission via the CBUS when Vpp-Vss1 < Vpowe, however, the clock will continue running as 
long. as Vpp-Vss1 does not drop to a lower value. The CBUS is released directly when Vpp-Vss1 
becomes larger than “POW: but POWF stays HIGH until the next TIME SET instruction, which sets 
POWF LOW again. 


N.B. The 5 V supply voltage (Vpp-Vssz) must be switched off when exchanging the battery. 


September 1985 5-620 


Signetics Linear Products 


Clock/ Timer 


TEST input 


Product Specification 


SAF3019P 


The TEST input is used for testing purposes and it is connected to ground (Vss9) for normal operation. 


PINNING 
16 VDD 
15 Vss1 
8 Vss2 
4 DATA 
5 DLEN 
6 CLB 
1 NODA 
12 TEST 
2 F50 
13 OSCI 
14 OSCO 
10 SEC 
9 MIN 
COMP 
7 POWF 
11 FSET 


SAF3019 


7284539.2 


Fig.6 Pinning diagram. 


common positive supply (5 V; Vp = 1.5 V) 
negative battery supply (Vp) 

ground (Vpp) 

data input/output 


data line enable input $ CBUS (bidirectional) 


clock burst input 

comparator mode select input 

test mode input (normally ground) 
50 Hz mains frequency input 


input and output of the on-chip oscillator 


1 pulse per second output 

1 pulse per minute output 

comparator output 

power failure output 

frequency setting signal output (128 Hz) 


5-621 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage ranges Vpp —Vss1 | —0.5to+8 V 

7 Vpp — Vss2 —0.5to+8 V 
Voltage on any pin (except OSCI, OSCO) Vy Vss2 —0.6 to Vpp + 0.6 V 
Voltage on pins OSCI, OSCO V\ Vss1 —0.6 to Vpp + 0.6 V 
Input currents | ly | max. | 10 mA 
Output currents lol max. 10 mA 
Power dissipation per output Po max. 100 mW 
Total power dissipation per package Prot max. 200 mW 
Operating ambient temperature range Tamb —40 to +85 OC 
Storage temperature range T stg —65 to + 150 °C 


D.C. CHARACTERISTICS 
Vss2 = OV; YD = 4.5 to 5.5 V; Tamb = —40 to + 85 OC; unless otherwise specified 


parameter 
Supply voltage with respect to Vss9"* 


' Battery voltage | between Vpp and Vss4 
at TamB =0 to 70 °C 


Time keeping battery voltage 
Supply current Ig =O mA** 
Battery current Vp =1.5V 


Inputs DLEN, DATA,CLB, 
- F50, NODA 
Input voltage HIGH 


Input voltage LOW 


Input current at Vj =Vss9 
or Vpop Vop = 5.5 V 


Input F50 hysteresis AV = Vin - VIL 


Outputs SEC, MIN, COMP, 
POWF 
(buffer outputs) 


Output voltage HIGH —lg = 0.5 mA 
Output voltage LOW lo = 1.6 mA 
Output DATA _ 

(N-channel open drain) 
Output voltage LOW lo = 1.6 mA 
Output leakage current Vo = 5.5 V (HIGH) 


* All outputs are available down to Vss9 = VB at reduced current capability. 
** V1 = Vssg or Vj = Vpp at all inputs; quartz crystal oscillator operation: 
f = 32 768 Hz, series resistance of crystal Remax = 25 kX (40 kQ for 0 to + 70 °C), Cy = 10 pF. 
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A.C. CHARACTERISTICS 
Vsso =0 V; Vpp = 4.5 to 5.5 V; Tamb = —40 to + 85 °C; unless otherwise specified 
See Figs 2 and 3 for all timing. 


Inputs DLEN, DATA, CLB, NODA 
Rise and fall times 
CLB pulse width HIGH 
CLB pulse width LOW 
Data set-up time 
DATA —» CLB 


Data hold time 
DATA —*» CLB 


Enable set-up time 
DLEN —®» CLB 


Disable set-up time 
CLB —®» DLEN 


Set-up time 
DLEN —® CLB (load pulse) 


Busy-time from load pulse 
to next start of transmission 


CLB frequency 


Input F50 
Rise and fall times notes 1 and 2 
Pulse width HIGH 


Pulse width LOW 


Oscillator (OSCI, OSCO) 
Series resistance of crystal f = 32.768 Hz 


at Tamb = 


0 to 70 °C 
Load capacitance 


Notes 
1. All timing values are referred to Vj} and Vj, within a voltage swing of minimum Vcc to Vpp. 
2. The supply current Isso increases at slow rise/fall times. 
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APPLICATION INFORMATION 
+5V 
32768 Hz 
Osco 
F50 | 
MICROCOMPUTER 
NODA 
SA SOlS (e.g. MAB8021) 
TEST 
7Z84540.3 


Fig. 7 Typical application of the SAF3019 in a microcomputer controlled system. 


>| 


nF il SAF3019 


7Z288149.1 


Fig. 8 Circuitry for applying the 50 Hz mains to input F50. 
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GENERAL DESCRIPTION 


The SAA7000 interpolation and muting circuit descrambles and separates data into left and right 
channels and minimizes the effects of erroneous data on the performance of the Compact Disc Digital 
Audio System. Minor errors (those present in one data sample only) are replaced with audio data 
obtained by interpolation; more persistent errors are removed by muting. 


Features 


@ Descrambles data from error corrector SAA7020 and formats into left and right channels 
Minimizes the effect of erroneous data samples 

16-bit serial data input (two’s complement) 

Smoothed transitions before and after muting 

Interpolated data replaces single erroneous data samples 

Serial output for digital-to-analogue converters (DACs) or filter circuits 

Generates crystal-derived timing signals for system master data clock (4,2336 MHz), serving error 
corrector SAA7020 and digital filter SAA7030 

Selectable output format: offset binary or two’s complement; 14 or 16-bit word 


CLEC INPUT 
OUTPUT 


REGISTER eeu ORM 
SELECTOR SHIFT DLCF 
REGISTER 
an 4 SAMPLE OUTPUT 
‘ SHIFT SHIFT ORCF 
SCRAMBL 7 REGISTER REGISTER 
CLCF 


Vop1 
Von2 
Vss 
VBB 


Soa | een 
FSEC 


SAA7000 


7280400 
XTAL1 XTAL2  CLOX 14/16 


Fig. 1 Block diagram. 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT-102CS). 
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PINNING 
1 VBB back bias supply 
2 FSEC. frame sync pulse input 
3 CLEC input data clock 
4 DAEC data input (two’s complement) 


and output format selector 
5 UNEC error flag input 
6 CLOX buffered clock output (XTAL1) 
7 XTAL2 drive output to clock crystal 
8 
9 


SAA7000 


XTAL1 external clock input 


Vss ground 

10 Vpb2 +12 V supply 

11 STR2 strobe 2 output 

12 STR1 strobe 1 output 

7Z80398 
13 DLCF left channel data output 
Fig. 2 Pinning diagram. (format selected by DAEC) 

14 CLCF 14/16-bit clock burst output 

15 DRCF right channel data output 
(format selected by DAEC) 

16 14/16 selects bit length of clock burst 
output from CLCF 

17 TEST test input 

18 Vpp1 +5 V supply 


FUNCTIONAL DESCRIPTION 


The SAA7000 is used in the Compact Disc system to reconstruct audio data by interpolation if the 
error corrector SAA7020 is unable to correct a data sample, or mutes the data when it passes 
consecutive erroneous data samples. Errors are indicated by an error flag (UNEC) from the SAA7020; 
when no error flag occurs, the data value through SAA7000 is unaffected. 


Data samples (at DAEC, clocked in by CLEC) are first descrambled and then separated into left and 
right channels. A similar descramble and separation is performed on the error flag (UNEC). 


If, for either left or right channels, a single ‘error’ is flagged between two ‘good’ data samples then 
linear interpolation is used to replace the erroneous value. If two or more adjacent samples are flagged, 
then the samples in error are muted. Beginning thirty samples before the first of the consecutive errors, 
the data value of the samples is attenuated smoothly to zero following a (0 to 7) cosine curve. After the 
error burst, the next thirty samples are smoothly returned to full level following a (7 to 27) cosine 
curve. The muting is applied simultaneously to data in both left and right channels regardless of the 
source of the error. 


The data (good or processed) is formatted into two’s complement or offset binary to match the DACs 
in use. This selection is made with a special function of the data input (DAEC, see Fig. 6). The data is 
then fed to the left and right outputs (DLCF and DRCF) and is clocked out by the output clock 
(CLCF). Strobes (STR1 and STR2) are generated for the DACs and the digital filter (SAA7030). 
Fourteen or sixteen-bit DACs can be accommodated by the use of the select input (14/16). 


The SAA7000 automatically synchronizes to the error detector SAA7020 output using the frame sync 
pulse (FSEC) for internal timing reset and feeds a 2 x bit-rate clock (CLOX) to the system. 
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Pin functions 


pin no. 
1 
2 


10 
11 


mnemonic 


VBB 
FSEC 


DAEC 


UNEC 


DRCF 


14/16 


description 
Back bias supply voltage: —2,5 V + 20%. 


Frame sync pulse (active HIGH) received from SAA7020 at the start of a 
data frame (12 data samples). FSEC is used to synchronize the descrambler 
to the data frames. For re-synchronization to occur, two consecutive FSEC 
pulses must be received each having a pulse width of approximately 6 CLOX 
cycles and the leading edge of the second pulse must be one data frame _ 
later than that of the first. FSEC is also used to synchronize the internal 
clock to the CLEC clock input, so aligning the gap in the internal clock to 
the FSEC pulse (see Fig. 4). 


Input data clock used to load serial data at DAEC into the input shift 
register. After a data sample has been loaded CLEC is held LOW to give a 
gap of 16 CLOX cycles (see Fig. 4). The period of the CLEC clock is 

2 x the period of a CLOX cycle. 


Serial data samples are received at DAEC in two’s complement form. The 
data is in 16-bit words separated by gaps; each word comprising two 8-bit 
symbols. The DAEC input is also used to select the output format; during 
the CLEC gap, a HIGH level at DAEC selects two’s complement and a 
LOW level selects offset binary format (see Fig. 4). 

Error flag indicating unreliable data from SAA7020. During the period 
when data is clocked in at DAEC, UNEC is LOW only if the present 8-bit 
symbol is valid. During the period of the CLEC gap, UNEC is LQW only 
if the whole of the data word due to arrive 5 frames later is valid. 
Buffered XTAL1 clock output. | 

Main clock crystal drive output. This pin should remain disconnected if a 
crystal is not used. © 


Clock input from crystal circuit or for externally derived clock. 
Ground (0 V). 
Positive supply voltage: + 12 V + 10%. 


Active HIGH strobe pulse of 2 CLOX cycles duration occurring every 

24 CLOX cycles and used to strobe data to the DACs. This pin should be 
left disconnected if SAA7030 is not used. 

Active HIGH strobe pulse of 2 CLOX cycles duration occurring every 

96 CLOX cycles — after each pair of data words have been clocked out. 
It is used to strobe data to SAA7030, or to the DACs if SAA7030 is not 
used. Both STR1 and STR2 are re-synchronized to XTAL1 to minimize 
jitter. | 

Left channel data output; format in two’s complement or offset binary, 
as selected at DAEC. 

Clock burst output of either 14 or 16 bits, as selected at pin 16. It is used 
to clock data from DLCF and DRCF (data is valid on CLCF falling edge, 
see Fig. 5). 

Right channel data output; format is two’s complement or offset binary, 
as selected at DAEC. 

Selects 14 or 16-bit bursts of output clock CLCF. 
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17 TEST This pin should be held LOW to ensure normal operation. 
18 Vpp1 Positive supply voltage: + 5 V + 10%. 
HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS Devices’). 


RATINGS 
Limiting values in accordance with the Absolute Maximum Rating System (IEC 134); Vsg =O0V 
Supply voltage 1 range (pin 18) Vpp1 --0,3 to +7,5 
Supply voltage 2 range (pin 10) Vpp2 —90,3to +15 
Back bias supply voltage range (pin 1) VBB —4to +03 
Input voltage range Vi} —0,3 to +7,5 
Output voltage range | 

at Vj = —0,3 to + 6,5 V; Tamb = 25 OC Vo —0,3 to +7,5 
Output current | lo max. 10 
Operating ambient temperature range Tamb —20to +70 
Storage temperature range Tstg —95to +125 
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CHARACTERISTICS 
Vss = 0 V; Tamb = —20 to + 70 OC unless otherwise specified 


ce 


Supplies 


Supply voltage 1 (pin 18) 


Supply voltage 2 (pin 10) 

Back bias supply voltage (pin 1) 
Supply current 1 (pin 18) 
Supply current 2 (pin 10) 

Back bias supply current (pin 1) 
Inputs (except Vpp) 

Input voltage LOW 

Input voltage HIGH 

Input current (note 1) 

Input capacitance (not XTAL1) 


Outputs DLCF, DRCF, CLCF, 
CLOX, STR1, STR2 (note 2) 


Output voltage LOW at 
—loL =1,6 mA 

Output voltage HIGH at 
loH =0,2 mA 

Load capacitance 


Output XTAL2 


Operating frequency using 
crystal oscillator (Fig. 3) 


Operating frequency using 
driven input applied to XTAL1 


Input XTAL1 
Input clock LOW 
Input clock HIGH 


Crystal amplifier (pins 7 and 8) 
Mutual conductance at 5 MHz 


Bandwidth of mutual conductance 
at minimum 3 dB 


Input capacitance 

Output capacitance 

Feedback capacitance 

Input leakage current 

Output current at 5 MHz 
Small signal gain at 5 MHz 
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a 


Inputs DAEC, UNEC, CLEC, FSEC 
Input rise time (FSEC only) 
Input fall time (FSEC only) 
CLEC HIGH 
CLEC LOW, 
- DAEC to CLEC set-up time 
CLEC to DAEC hold time 


FSEC HIGH (note 3) 4 CLOX 8 CLOX 
periods periods 
| —400 + 190 
DAEC/UNEC to FSEC set-up time 0 =. 
FSEC to DAEC/UNEC hold time 8 CLOX 
(note 3) periods 
+ 325 


Output CLOX (notes 4 and 5) 
Output clock LOW 

Output clock HIGH 

output clock rise time 
Output clock fall time 


Outputs STR1, STR2 (note 6) 
Output strobe rise time 
Output strobe fall time 20 


Output strobe HIGH 2 CLOX 4 CLOX 
periods periods 
—20 ns 
Output strobe LOW CLOX 
periods 
CLOX to STR1, STR2 delay time ns 
ns 
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Outputs CLCF, DLCF, DRCF 
(note 4) 


Output rise time 


Output fall time 
Output data clock HIGH 
Output data clock LOW 


DLCF, DRCF to CLCF 
set-up time 


CLCF to DLCF, DRCF 
hold time 


CLCF LOW prior to STR1 
(note 3) 


NOTES TO THE CHARACTERISTICS 
1. Vj = —0,3 to + 6,5 V; Tampb = 25 OC. 


a 


Product Specification 


SAA7000 


Ns 


CLOX 
periods 


2. All outputs, except XTAL2, are short-circuit protected to Vpp 1 and Vsg. Output XTAL2 is 


protected to Vss only. 


3. Input timings assume that CLOX output (pin 6) is used to drive SAA7020 CLOX input. CLEC 


period is twice the CLOX period. 
4, Output load capacitance is 50 pF. 
5. XTAL1 (pin 8) is driven by an external clock. 


6. Output load capacitance is 30 pF on STR1, STR2 outputs. 


SAA7000 


4,2336 MHz 


(1) 


(1) Catalogue number of crystal is 6416 009 00111. 
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XTAL2 


33 pF 


J 7280399 


Fig. 3 Crystal oscillator circuit. 
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S861 Aequie}des 


CEO-G 


CLEC 


DAEC 


UNEC 


FSEC 


PaaS ee Se Ge 


te a CL a OK Se 


gap level 


MSB LSB | MSB LSB MSB LSB MSB LSB 
~+— most-significant symbol —»!~<— Least- significant symbol —> 
data word 


7280401 


(1) When HIGH indicates unreliability of data word that will follow five frames later. 
(2) When HIGH indicates unreliability of current symbol. 


e 


Fig. 4 Typical input waveforms. 


CLCF 
(16-bit mode) 


CLCF 
(14-bit mode) 


STRI | | 
STR2 | | | | | | | | | | 


je—_————24 CLOX Cyctes-————» 
7Z80402 


Fig. 5 Typical output waveforms. 
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ticH 


CLEC tiDH 
(1) 


output format select 
DAEC d 
ADVANCED UNEC 


tios 


UNEC 


FSEC 


t tie—> <—— 
UFS 
tuFH 7Z80403 


(1) CLEC remains LOW for a minimum period of approximately 16 CLOX periods. 


(2) Data during this time is used to determine the format of the output from SAA7000; when DAEC 
is HIGH a two’s complement format is selected, when LOW an offset binary format is selected. 


(3) Input timings assume that CLOX output (pin 6) is used to drive SAA7020 CLOX input. CLEC 
period is twice the CLOX period. 


Fig. 6 Input waveforms, Reference levels are 0,8 V and 2,4 V; typ and typ apply to FSEC waveform 
only. 


XTAL] 


7280404 


Fig. 7 Optional clock input waveform at XTAL1 (pin 8). 
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CLCF 


DLCF 
or 
DRCF 


STRI1 
or 
STR2 


CLOX 


7280405 


Fig. 8 Output waveforms. Reference levels are 0,8 V and 2,4 V. Output loadings on STR1 and STR2 
are 30 pF; output loadings on CLOX, CLCF, DLCF and DRCF are 50 pF. 
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GENERAL DESCRIPTION 


The SAA7010 demodulates and decodes the pulse code modulated input signal into digital data for the 
Compact Disc Digital Audio system. A 4,3 MHz (typical) clock locked to the disc rate is also produced. 


Features 


@ Phase-locked loop clock regenerator with frequency detector for locking 
High-frequency level detector with adaptive slicer for input data 

Built-in drop-out detector to prevent error propagation in adaptive slicer 
Outputs to subcoding microprocessor 

Fully protected timing synchronization to incoming data 


NC 
HF I1 


HFI2 ide = LEVEL INPUT SHIFT REGISTER VSS D 
a lg . | DETECTOR 2 Vecin 
_ SYNC DETECTOR VBB 

5 


HFO/TEST 


PD2 FREQUENCY LATCH 
FD poe DETECTOR 
SDATA 
OAI SBCL 
OPERATIONAL SWCL 
tay AMPLIFIER 
OA2 EFM 
DECODER 
DADE/DEFM 
0A3 


vco2 
be 8,64MHz SEGeE 
vco SSDE 
y TIMING & CONTROL — 
col CEFM 
CRI FSDE 
SAA7010 


7280406.1 


Fig. 1 Block diagram. 


PACKAGE OUTLINE 
28-lead DIL; package (SOT-117). 
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Ves 28] Vpp1 
SDATA | 2 | DADE /DEFM 


SBCL | /26| CLDE 
SWCL SSDE 
P| 5 | |24| FSDE 
HFD/TEST | 6 FD 
HFI1 CEFM 
SAA7010 
FB | 8 | 121] vco2 


veo! 
119] Vssa 
CRI 118] OA3 
OA2 
PD1 116} OAT 
15] Vpp2 


7290284 


Fig. 2 Pinning diagram. 
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PINNING 
1 VBB 
2  SDATA 
3  SBCL 
4  SWCL 
5 P 
6  HFD/TEST 
7 HEIN 
8 FB 
9 n.c 
10 HFI2 
11. CRI 
12 PD2 
13 PD1 
14 Vssp 
15 Vpp2 
16 OA 
17 OA2 
18 OA3 
19 VSSA 
20 vcol 
21. vCcOo2 
22 CEFM 
23 FD 
24 FSDE 
25 SSDE 
26 CLDE 


27 DADE/DEFM 


28 Vpp1 
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back bias supply 

subcoding data output 
subcoding bit clock output 
subcoding word clock output 
subcoding pause bit output 


high-frequency detector input 
in normal operation. Selects 
test mode when at Vpp2 


level detector input 
current feedback from level 


' detector 


not connected 


alternative input to level 
detector 


counter reset inhibit input 
phase detector reference output 
phase detector signal output 
digital ground 

+12V supply 


operational amplifier non- 
inverting input 


operational amplifier. inverting 
input 


operational amplifier source- 
follower output 


analogue ground 


voltage-controlled oscillator 
amplifier input 


voltage-controlled oscillator 
amplifier output 


43218 MHz clock output 
frequency detector output 
frame sync signal output 
symbol sync signal output 
data bit clock output 


serial data output/EFM 
digital output: selection 
determined by level at pin 11 


+5 V supply 
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FUNCTIONAL DESCRIPTION 


The SAA7010 demodulator forms the front-end of the Compact Disc Digital Audio system, supplying 
demodulated data and timing signals to the error corrector (SAA7020) and to the subcoding micro- 
processor. 


The detected signal from the disc is amplified and filtered externally and then converted to a digital 
signal via the level detector. The level detector is an adaptive data slicer which relies on the nature of 
the modulation system to determine the optimum slicing level. 


A frequency detector and a phase detector provide the coarse and fine control signals for the phase- 
locked loop (PLL) system. The loop gain is supplied by an internal operational amplifier which drives 
a voltage-controlled oscillator (VCO) running at twice the input data rate (typically 8,6436 MHz). The 
VCO output is divided by two by a clock generator in the timing and control circuits and the resulting 
output is used to clock the input shift register and the timing chain. This clock signal completes the 
PLL loop when it is compared with the incoming data in the phase detector. 


After phase detection the data is clocked into the 23-bit input shift register which then detects the 
frame sync pattern. Within the timing and control circuits are minimum and maximum data length 
detectors which provide frequency limit signals for the frequency detector. 


Also within the timing and control circuits are two divide-by-588 counters, one master and one slave, 
two divide-by-17 symbol rate counters and a lock indication counter. The frame sync signal is used to 
reset the divide-by-588 slave counter. This counter and one divide-by-17 symbol rate counter supply 
timing signals for clocking the EFM (eight-to-fourteen modulation) decoder and the subcoding output 
circuits, The data is read from the input shift register in 14-bit symbols which are first latched and then 
decoded into 8-bit data words. The subcoding part of the data consists of one word per frame (Fig. 3), 
so the output SDATA comprises a burst of 8 data bits accompanied by a 2,1906 MHz clock burst signal 
SBCL (Fig. 4). One bit of this subcoding output data is replaced by a subcoding frame sync bit which 

is decoded from one of two special EFM codes. The displaced bit (the pause (P) bit) is latched to its 
own output via a debounce circuit to remove erroneous changes. 


The divide-by-588 slave counter also provides a sync coincidence pulse which occurs when two detected 
sync pulses are precisely one frame apart (588 clock cycles). The sync coincidence pulse is used to reset 
the lock indication counter and disable the FD output from the frequency detector. If the system goes 
out of lock, the sync pulses cease and the lock indication counter counts frame periods. After 63 frame 
periods with no sync coincidence pulse, the lock indication counter enables the frequency detector 
output. 


1 Frame = 588 channel bits 


loo DD pr 


format of subcoding or data 
symbol - 17 channel bits 


format of sync pattern - 27 channel bits 


| 11 channel bits | 11 channel bits | | | 
iat eee be he eee er a a bit EFM Ae eee ee 


7Z80408 


(1) Merging and low frequency suppression bits. 


Fig. 3 Data input signal. 
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FUNCTIONAL DESCRIPTION (continued) — 


SBCL [| [] | || | [| | || | [| 

SDATA X x x x x X x x SYNC (1) 

SWCL | 

a ee re 
7290282 


(1) The sync bit is LOW when a subcoding sync word is detected. 


Fig. 4 Typical subcoding waveform outputs. 


DADE 


symbol 30 ao Dene symbol 31 aah! ieee symbol 32 SSS Se |}.-—____— symbol 1 sec symbol! 2 
SSDE_ | | | | | | | | 


FSDE | | ciekal | , 


7Z280412.1 


Fig..5 Typical waveform outputs to SAA/020. 
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FUNCTIONAL DESCRIPTION (continued) 


A delayed version of the sync coincidence pulse resets the divide-by-588 master counter. This counter 
is reset only by coincident sync pulses or sync pulses which occur during a predetermined ‘window’ at 
the start of each frame and is therefore protected from accidental reset by erroneous sync patterns. 
The window is wide enough to allow PLL bit-slips but narrow enough to avoid false sync signals 
generated by corrupt data. The divide-by-588 master counter may be allowed to free-run by taking 
CRI input (pin 11) LOW to inhibit the reset signal. 


The divide-by-588 master counter and the second divide-by-17 symbol rate counter are used to time 
the data and clock outputs to the error corrector SAA7020 (Fig. 5). In this way, even if the data has 
been corrupted, the timing signals will be correct and are only re-synchronized after a complete frame 


has been sent to SAA7020. 


The data output to SAA7020 comprises thirty-two 8-bit symbols per frame, with half-bit gaps between 
each symbol and a much longer gap during the frame sync period. It is this longer gap that changes in 
length when corrupt data upsets the timing system. 


Pin functions 


pin no. 
1 
2 


12 
13 


mnemonic 


VBB 
SDATA 


HFD/TEST 


HF 11 


FB 
n.c, 
HF12 
CRI 


PD2 
PD1 


description 
Back bias supply voltage: —2,5 V + 20%. 
Subcoding data push-pull output. An 8-bit burst of data (including a 


1-bit subcoding frame sync) is output serially once per frame coincident 
with SBCL. 


Subcoding bit clock push-pull output. An 8-bit burst clock, typically at 
2,1609 MHz, is used to synchronize the subcoding data. 


Subcoding word clock push-pull output. A square-wave signal at data 
frame rate (7,35 kHz) used to synchronize the subcoding words and 
the pause (P) bit. 


Subcoding pause bit push-pull output. This signal is derived from the 
encoded subcoding word and is used to indicate a music pause. A 
debounce circuit is incorporated to eliminate erroneous data. 


External high-frequency detector input. When this signal is HIGH the 
frequency detector output (FD) and phase detector are enabled. When 
pin 6 is connected to Vppg, the device enters TEST mode. 


Level detector input. A signal of between 0,25 and 2,5 V (peak-to-peak 
value) is required to drive the level detector correctly. 


Current feedback from the level detector. 
Not connected. 
Alternative input to the level detector. 


Counter reset inhibit signal input. When LOW, this signal allows the 
divide-by-588 master counter to free-run and causes pin 27 output to 
be converted to DEFM. During power-up, pin 11 should be held HIGH 
for 10 ms. 


Phase detector reference signal, maximum impedance 10 kQ. 


Phase detector output signal, maximum impedance 10 k{2. The 
differential d.c. content of PD1 and PD2 signals is a measure of the 
phase difference between the data and the internal 4,3218 MHz clock. 
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pin no. mnemonic description 

14 Vssp Digital ground. Main ground terminal. 

15 Vpb2 _ Positive supply voltage: + 12 V + 10%. 

16 OA1 Operational amplifier non-inverting input. 

17 OA2 Operational amplifier inverting input. 

18 OA3 Operational amplifier source follower output. 

19 VSSA Analogue ground. Ground terminal for operational amplifier and VCO 


only. Connected internally to Vssp via a 25 {2 (nominal) resistor. 


20 VCcO1 Voltage-controlled oscillator amplifier input. The amplifier is a simple 
inverter operating up to 10 MHz. Frequency control is achieved via an 
external tuned circuit using variable capacitance diodes. 


21 VCO2 Voltage-controlled oscillator amplifier output. The load for the 
inverting transistor may be turned off for test purposes by reducing 
Vpp2 to0 V. 

22 CEFM Internal 4,3218 MHz clock generator push-pull output. 

23 FD Frequency detector three-state push-pull output. This output has a 1 kQ2 


(typical) impedance when active but assumes a high impedance state 
once the system is in lock. 


24 FSDE Frame sync signal push-pull output (to SAA7020). It provides a 
positive-going pulse at the end of each data frame. Typical frequency 
= 7,35 kHz. : 

25 SSDE Symbol sync signal push-pull output for each data symbol. Typical 
frequency = 254 kHz. 

26 CLDE Data bit clock push-pull output (to SAA7020). An 8-bit clock burst at 


2,1609 MHz (typical) which is used to synchronize the data to 
SAA7020 (see Fig. 5). 


27 DADE/DEFM Data push-pull output (to SAA7020). Serial data comprising 32 x 8-bit 
symbols per frame, synchronized to CLDE (see Fig. 5). This output is 
converted to DEFM when CRI (pin 11) is LOW. DEFM is the digital 
signal appearing at the output of the level detector. 


28 Vpp1 Positive supply voltage: + 5 V + 10%. 


HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS Devices’). 
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RATINGS 
Limiting values in accordance with the Absolute Maximum Rating System (IEC 134); 
Vssa = Vssp = 0 V. 


Supply voltage 1 range (pin 28) | Vpp1 —0,3to +7,5 V 

Supply voltage 2 range (pin 15) Vpp2 —0,3to +15 V 

Back bias supply voltage range (pin 1) VBB —4 to +03 V 

Input voltage range V\ —0,3to +7,5 V 

Output voltage range (except FD, OA3) Vo —0,3 to +7,5 V 

Output voltage range (FD, OA3 only) Vo —0,3to +15 V 

Output current (each output) lo max. 10 mA 

Operating ambient temperature range Tamb —20 to +70 °C 

Storage temperature range Tstg  —55 to+125 OC 5 
CHARACTERISTICS = 


Vssa = Vssp = 9 V; Tamb = —20 to + 70 °C unless otherwise specified 


Coronet orb [rin [ve Joie nit 


SUPPLIES 
Supply voltage 1 (pin 28) 


Supply voltage 2 (pin 15) 


Back bias supply voltage (pin 1) 


Supply current 1 (pin 28) 
Supply current 2 (pin 15) 


Back bias supply current (pin 1) 


DIGITAL CIRCUITS 
Input HFD, CRI 
Input voltage LOW 
input voltage HIGH 


Input current (note 1) 


Input capacitance 


Outputs DADE/DEFM, CLDE, FSDE, SSDE, 
SBCL, SDATA, P, SWCL, CEFM (note 2) 


Output voltage LOW at 
—loL = 1,6 mA 

Output voltage HIGH at 
loH = 9,2 mA 

Load capacitance 
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DIGITAL CIRCUITS (continued) 
Output FD 


Output voltage LOW at 
—loz = 100 nA 


Output voltage HIGH at | 
—1Q0H = 100 vA 


Output leakage current at 
Vo = 0 to6 V (note 3) 


Output impedance 


Vpp2 + 0,5 | V 


Outputs PD1, PD2 
Output impedance 


LEVEL DETECTOR 
Inputs HFI1, HFI2 


A.C. input voltage range - 
(peak-to-peak value) 


Input capacitance 


Output FB 
Output current at Vep =2 V 


OPERATIONAL AMPLIFIER (note 4) 
Inputs OA1, OA2 
Common-mode voltage range 


Input offset voltage 


Input current (note 1) 


Input offset current (note 5) 


Input capacitance 


Common-mode rejection ratio 


Open loop gain (d.c.) 


Gain bandwidth product 
(20 dB/decade roll-off) 


Output OA3 
Output voltage LOW at —Io, = 1 mA 
Output voltage HIGH at loH =1mMA 


Vpp2+ 90,5} V 
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CHARACTERISTICS (continued) 
vco 
Input VCO1, output VCO2 
Mutual conductance at 100 kHz mA/V 
Bandwidth (—3 dB cut-off) MHz 
Input capacitance pF 
Output capacitance pF 
Feedback capacitance pF 
Input leakage current (note 1) pA 
Output current at 10 MHz mA 


Small-signal voltage gain 
at 100 kHz V/V 


TIMING 
Operating frequency (except VCO) } MHz 
Operating frequency (VCO only) MHz 


Outputs CLDE, DADE, SSDE, FSDE, CEFM 
(Fig. 6 and note 6) 


Output rise time ns 
Output fall time ns 
CLDE period . | ons 
CLDE HIGH time ns 
CLDE LOW time ns 
DADE/SSDE/FSDE to CLDE set-up time ns 
CLDE to DADE/SSDE/FSDE hold time ns 
SSDE LOW time (note 7) CEFM 
CLDE LOW time during FSDE (Fig. 5 and note 8) | period 


Outputs SBCL, SDATA, P, SWCL (Fig. 7) 

Output rise time (SBCL, SDATA) (note 6) ns 
Output fall time (SBCL, SDATA) (note 6) ns 
Output rise time (P, SWCL) (note 9) ns 
Output fall time (P, SWCL) (note 9) ns 
SBCL HIGH time | ns 
SBCL LOW time ns 
SDATA to SBCL set-up time ns 
P to SWCL set-up time ns 
SBCL to SDATA hold time ns 
SBCL to SWCL hold time US 
SWCL duty cycle (t1|GH/tperiod) | % 
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parameter 


TIMING (continued) 
Output FD | 
Output rise time (note 6) 
Output fall time (note 6) 


Outputs DEFM, CEFM (Fig. 8) 


Output rise time (note 6) 

Output fall time (note 6) 

DEFM to CEFM set-up time (note 10) 
CEFM to DEFM hold time (note 10) 
CEFM HIGH time 

CEFM LOW time 


NOTES TO THE CHARACTERISTICS 
1. At Tamb = 25 °C; Vin = —0,3 to + 6,5 V; Vpp1 =6,5 V. 


2. Short-circuit protected to Vpp 1 and Vsg. The maximum load capacitance that can be applied 
before short-circuit protection becomes operative is 150 pF. 


At Tamb = 25 °C; output in high impedance state. 

All tests performed within common-mode voltage range. 

At Tamb = 25 OC. 

Output loading = 50 pF. 

SSDE remains LOW for only one negative edge of CLDE. 

Excessive bit-slip may cause gap to disappear. CLDE remains LOW when FSDE is HIGH. 

Output loading = 150 pF. | 

10. Free running VCO frequency tuned to nominal and PLL in lock with a typical application circuit. 


SO) CO. Oy OL 
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CLDE 


DADE 


FSDE 


7280409 


Fig. 6 Timing of waveform outputs to SAA7020. 


tocH tor 
toc 
SBCL 
tor 
tops topH 
SWCL 
P 


7Z80410 


Fig. 7 Timing of waveform outputs for subcoding: reference levels are 0,8 and 2,4 V; SBCL and 
SDATA output loading = 50 pF; SWCL and P output loading = 150 pF; SWCL has a 50% duty cycle. 
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DEFM 


7280411 


Fig. 8 Timing of EFM output waveforms: output loading = 50 pF; reference levels are 0,8 and 2,4 V. 
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GENERAL DESCRIPTION 


The SAA7020 detects and corrects errors in digital data received from the demodulator (SAA7010). 
The data is received serially in frames of 32 x 8-bit symbols and, after processing, is transmitted in a 
16-bit serial format to the interpolating and muting circuit (SAA7O00). An error flag is generated to 
warn of data in which errors have not been corrected. 


Features 


Internal timing and control circuits 

Serial data input and output 

8-bit bidirectional data bus to external RAM (2K x 8 bits) 

Corrects up to seven erroneous frames of data 

Generates error flag to identify unreliable data 

Provides a motor speed control output which stabilizes the input data rate and eliminates wow 
and flutter. 


DOER AOER |& |& |& 
to to ey) Lu LL Se V V V Vv 
D7ER AAER (|S ©) Oo C1F TEST2 BB YDD1 YDD2 YSS 


DATA BUS 


INPUT C1 C2 OUTPUT 
DADE REGISTER SHIFT DAEC 
DE 
CODER DECODER REGISTER 


CONTROL BUS 


cee UNEC 
CLDE 

SSDE CLEC 
FSDE FSEC 


ceee SAA7020 


7Z280413.1 


Fig. 1 Block diagram. 


PACKAGE OUTLINE 
40-lead DIL; plastic (SOT-129). 
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D2ER 
D3ER 


'31] D4ER 


Fig. 2 Pinning diagram. 


PINNING 


OnN OO FP WN = 
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20 
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22 
23 
24 


25 


26 


27 
28-35 


36 


37 


38 


39 
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SAA7020 


back bias supply 

frame sync pulse output 

C1 decoder error flag 
motor speed control output 
serial data input 

data bit clock input — 
symbol sync signal input 
frame sync signal input | 


address outputs to external 
RAM 


ground 

+ 12 V supply 
test input 

basic clock input 


write enable output to external 
RAM 


output enable signal to 
external RAM 


chip enable output to external 
RAM 


output data clock 


data bus to/from external 
RAM 


error flag output 


data output (two’s complement) 
and SAA7000 output format 
control 


input to determine DAEC 
control output to SAA7000 


mute signal from servo 
+5 V supply 


Signetics Linear Products Product Specification 


Error Corrector for Com pact Disc SAA7020 


FUNCTIONAL DESCRIPTION 


The SAA7020 error corrector receives data samples from the Compact Disc Digital Audio demodulating 
system (SAA7010), processes the data samples and then passes them to the interpolating and muting 
circuit (SAA7000). The processing detects erroneous data and then, if possible, corrects the errors. If 
error correction is not possible, a flag (UNEC) is generated to warn of unreliable data output. The 
SAA7020 also controls the motor speed of the disc drive servo. 


Serial data received from the demodulator (SAA7010) is arranged in frames of 32 x 8-bit symbols; 

24 of the symbols contain audio samples, the remaining eight symbols contain parity information for 
error detection/correction. The data (DADE) is clocked into the input register array at the demodulator 
rate by CLDE. The input register array comprises a register which accumulates symbols ready for 
parallel output to an external RAM and a FIFO register which acts as a jitter reduction circuit. 


The jitter reduction circuit uses the difference between the input data rate (CLDE) and the system data 
rate (derived from CLOX) to generate the motor speed control signal MCES (Fig. 3). This forms a 
feedback loop with the disc drive motor to control! the disc speed and hence the input data rate. In this 
way unwanted effects such as wow and flutter are eliminated from the Compact Disc system, the FIFO 
being capable of handling deviations from the system data rate of up to + 2 frames. 


An 8-bit bidirectional bus is used for transferring data to and from the external RAM (2K x 8 bits) and 
an 11-bit bus for addressing. Three bits control the RAM; write enable WEER, output enable OEER 
and chip enable CEER (the latter is for operation with dynamic RAMs). 


The error correction process makes use of data interleaving and two Reed-Solomon codes, C1 and C2. 
Tne C1 decoder can correct one erroneous symbol in a 32-symbol frame after de-interleaving; the C2 
decoder can correct two erroneous symbols in a group of 28 symbols. Input data is de-interleaved and 
read from the RAM by the C1 decoder where syndromes are formed to check for erroneous symbols. 

If one error is detected it is corrected and the data is written back to the RAM with some parity symbols 
being discarded. If more than one error is detected the data is written back to the RAM unchanged but 
internal C1 flags are set to mark these symbols as unreliable. The data in the RAM is then further 
de-interleaved and read back to the C2 decoder. The symbols are then checked for errors as previously, 
if one error is detected it is corrected and the symbols are again written back to the RAM. If two error 
flags are detected erasure correction is attempted when the flags are received from C1. The corrected 
data is then written back to the RAM. If more than two symbols are in error the data is written back 
to the RAM unchanged but a flag is set to mark these symbols as unreliable. At this stage the remaining 
parity bits are discarded. 


After processing, the data is held in the RAM to give a 5-frame delay so that the error warning flag 
UNEC can be sent to the interpolation and muting circuit (SAA7000). The UNEC flag is also output 
when SMSE is active, this warns of data to be immediately muted. At the end of the 5-frame delay, the 
data is read back to the output shift register to be serially shifted out at DAEC. 
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Pin functions 


pin no. 


1 


2 
3 
4 


9-19 


20 
21 
22 
23 
24 


25 


26 
27 
28-35 


36 
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mnemonic 


VBB 
FSEC 
CIF 
MCES 


FSDE 


AOER-AAER 


CEER 
CLEC 


DOER-D7ER 


UNEC 
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description 

Back bias supply voltage: -2,5. V + 20%. | 

Frame sync pulse output, data is valid on the falling edge (Figs 5 and 9). 
This output pin flags uncorrectable C1 errors. ; 

Motor control error signal; this open drain output provides a pulse 
width modulated signal to control the rate of data entry. If the data 
rate has been correct for a period, MCES duty cycle = 50%; if low, the 
duty cycle < 50%; if high, the duty cycle > 50% (Fig. 3). 

Serial data input. The data is clocked in by CLDE in 8-bit symbols, the 
most-significant bit first (Figs 4 and 6). 


Data clock input, data is accepted into DADE on the negative transition 
of CLDE (Figs 4 and 6). 


Input indicating the last bit of a symbol. A symbol is counted and 
clocked in when SSDE is LOW during the negative transition of CLDE; 
for correct operation, SSDE must remain LOW for only one negative 
transition in eight (Figs 4 and 6). 


Input indicating the end of a data frame. Indication is given when FSDE 
is HIGH during a negative transition of CLDE. 


Eleven address outputs to the external RAM. When data is sing 
received at DADE, CLDE, etc. then addresses AOER to AAER are 
completely exercised every four frames allowing refresh to be automatic 
for dynamic RAMs (Figs 7 and 8). 


Ground. 


Positive supply voltage: + 12 V + 10%. 

Test input. Connect to Vpp 1 or Vppg2 for normal operation. 
System clock input, typical frequency = 4,2336 MHz (Fig. 6). 
Write enable output to external RAM; when LOW, SAA7020 is 
writing to the RAM (Fig. 7). 


Output enable to external RAM; when HIGH, memory output buffers 
must be in the high impedance state (Figs 7 and 8). 


Chip enable output for use with dynamic memories (Figs 7 and 8). 
Output data clock; data is valid on the falling edge (Figs 5 and 9). 


Input/output ports for 8-bit bidirectional bus from/to external RAM. 
The outputs are in the high impedance state when OEER is LOW 
(Figs 7 and 8). 


Error flag output; when HIGH, indicates that output data is unreliable. 
During active data output (i.e. when CLEC is operating) UNEC applies 
to each symbol of 8 bits of data output at that time. Before each data 

word of two symbols is output, UNEC applies to the whole data word 

that will follow in five frames time. 
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FUNCTIONAL DESCRIPTION (continued) 
pin no. mnemonic description 
37 DAEC Serial data output. Data is clocked out by CLEC and is in 16-bit words 


separated by gaps. Each word is in two’s complement format with the 
most-significant bit first and comprises two 8-bit symbols. Data is valid 
on the falling edge of CLEC. During the gap between the data words, 
the state of pin 38 (GAP) acts as an output from DAEC (Figs 5 and 9). 


38 GAP The input level at this pin is reflected in the state of the output from 
DAEC between data words and is used to control the output format of 
the SAA7000. When GAP is HIGH, DAEC gap level is HIGH, and vice 


versa (Fig. 5). 


39 SMSE Select muting input. If SMSE is held LOW, the UNEC output will be 
held HIGH causing the interpolation and muting circuit (SAA7000) to 


mute the data. 


40 Vpp1 Positive supply voltage: + 5 V + 10%. 


HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices (see ‘Handling 


MOS Devices’). 


RATINGS 


Limiting values in accordance with the Absolute Maximum Rating System (IEC 134); Vgs = 0 V 


Supply voltage 1 range (pin 40) 
Supply voltage 2 range (pin 21) 

Back bias supply voltage range (pin 1) 
Input voltage range (except TEST) 
Input voltage range (TEST only) 
Output voltage range (except MCES) 


Output voltage range (MCES only) applied 
- through a 10 kQ resistor 


Output current 
Operating ambient temperature range 
Storage temperature range 
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Vpp1 
Vpb2 
VBB 
Vy 

V\ 
Vo 


—03 to +7,5 V 
—03to +15 V 
—4 to +03 V 
—0,3to +7,5 V 
—0,3 to +15 V 
—03to +7,5 V 
—0,35 to+ 15 V 
max. 10 mA 
—20 to +70 °C 


-55 to +125 °C 
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CHARACTERISTICS 
Vss = 0 V; Tamb = —20 to + 70 OC unless otherwise specified 


Supplies 

Supply voltage 1 (pin 40) VDD1 
Supply voltage 2 (pin 21) Vppb2 
Back bias supply voltage (pin 1) —VpBB 
Supply current 1 (pin 40) IDD1 
Supply current 2 (pin 21) | Ipp2 
Back bias supply current (pin 1) —Ipp 


Inputs (except DOER-D7ER) 


Input voltage LOW VIL 
Input voltage HIGH (except SMSE) Vi 
Input voltage HIGH (SMSE only) ViH 


Input current (note 1) ly 
Input capacitance C; 


input/output DOER-D7ER 


Input voltage LOW VIL 
Input voltage HIGH VIH 
Input current (notes 1 and 2) ly 
Input capacitance C; 
Output voltage LOW at 

—lo_ = 1,6 mA (notes 3 and 4) VOL 
Output voltage HIGH at 

IOH = 0,2 mA (notes 3 and 4) VOH 
Load capacitance (notes 3 and 4) CL 


Outputs AOER-AAER, WEER, OEER, 
CEER, DAEC, UNEC, FSEC, CLEC 
(notes 3 and 4) 


Output voltage LOW at 


—loL=1,6 mA VOL 
Output voltage HIGH at 

loH = 0,2 mA VOH 
Load capacitance CL 


Output MCES (open drain) (note 5) 
Output voltage LOW with pin 4 

connected to Vppg9 viaa 10 kQ resistor} Vo. 
Output current with output OFF and 


pin 4 connected to Vppg9 viaa 
10 kQ2 resistor; Tamp = 25 OC lOH 
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Input CLOX (note 6) 
Operating frequency 
Input clock LOW 
Input clock HIGH 


Inputs DADE, CLDE, SSDE, FSDE 
(note 7) 


Input rise time 
Input fall time 
CLDE period 


CLDE HIGH 

CLDE LOW 

DADE/SSDE/FSDE to CLDE set-up time 
CLDE to DADE/SSDE/FSDE hold time 
SSDE LOW time 


CLDE gap after FSDE 


Input SMSE (note 7) 

Input rise time 

Input fall time 

SMSE to UNEC output delay time 


Outputs CLEC, DAEC, UNEC, FSEC 
(notes 3, 4, 7 and 8) 


Output rise time 
Output fall time 
CLEC HIGH 
CLEC LOW 
FSEC HIGH 


CLEC to FSEC delay time 


DAEC/UNEC to FSEC set-up time 
FSEC to DAEC/UNEC hold time 
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3,0 


6 CLOX 
periods 
—180 


3 CLOX 
periods 
—300 


100 
12 


ns 


Ns 


Us 


ns 
ns 


ns 


ns 
CLDE 
period 


CLOX 
periods 


ps 
ms 
CLOX 
periods 


6 CLOX 
periods 


+180 


3 CLOX 
periods 
+ 300 
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Cp rao 


RAM itarfaces AOER-AAER, 
DOER-D7ER, OEER, CEER, WEER 
(notes 3, 4 and 7) 


Output rise time 
Output fall time 
Cycle time 


Read cycle timing 

CEER HIGH time 

CEER LOW time 

AOER- AAER to CEER set- -up time 

CEER to AOER-AAER hold time 
DOER-D7ER to OEER set-up time 

OEER to DOER-D7ER hold time 
DOER-D7ER to AOER-AAER set-up time 
AOER-AAER to DOER-D7ER hold time 
OEER to DOER- D7ER from RAM active 


OEER to DOER-D7ER from RAM high 
impedance state 


OEER LOW to AOER-AAER valid 


Write cycle timing 

CEER HIGH time 

CEER LOW time 

AOER-AAER to CEER set-up time 
AOER-AAER to WEER set-up time 
WEER to AOER-AAER hold time 
WEER to CEER set-up time 

CEER to WEER hold time 
DOER-D7ER to CEER set-up time 
CEER to DOER-D7ER hold time 
WEER to CEER recovery time 
DOER-D7ER to WEER set-up time 
WEER to DOER-D7ER hold time 
OEER to DOER-D7ER output active 


OEER to DOER-D7ER output in 
high impedance state 
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NOTES TO THE CHARACTERISTICS 


1. 


Measured from —0,3 to + 6,5 V at Tampb = 25 PC; Vpp1 = 6,5 V. 


2. Input/output port in high impedance state (OFF); measured from 0 to 6 V at Tamp = 25 °C. 
3. 
4. All outputs are protected against short-circuit to Vgg and Vpp 4. The maximum load capacitance 


Output loading: 1 TTL gate + C; = 50 pF. 


that can be applied before the short-circuit protection becomes active is 150 pF. 


. Phase detector gain for average MCES output voltage = 1,1 V per frame. Phase detector control 


range = + 2 frames. 


. All maximum or minimum values assume respective frequency where appropriate. 
. Reference levels = 0,8 V and 2,4 V. 
. The DAEC level during the advanced UNEC period is defined by the state at pin 38 (GAP). If this 


state changes during CLEC LOW, the timings are applicable. If the state at pin 38 changes at other 
times, DAEC follows with a delay of between 20 and 500 ns. 
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nominal data 288 288 
input rate CLOX periods CLOX periods 


L-~—___________ 576 
CLOX periods 

data input rate 

32 CLOX 
much too low periods 

Lge 512 CLOX periods a 
data input rate , 
much too high 32 CLOX 
periods 

data input 
rate low 


data input 
rate high 


7280415 
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SIONPOl JOSU!] SOOUBIS 


Fig. 3 MCES output waveforms: waveforms are updated each frame (576 CLOX periods); open drain output, rise times 
depend on external pull-up circuit. This output has an internal clamp to prevent the voltage at pin 4 (MCES) rising above 
Vpp2 + 1,8 V maximum. 
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UOHOOWIOEdS JONPOld 
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S861 Jequiaydeg 


DEVELOPMENT SAMPLE DATA 


At AAackabasaat are 
Zeon cane“//pese{ XX X XX fose fest KK 


symbo! 30 +f. symboi 31 —___+|,_____ symbol 32 —-- —+| |» —______ symbol 1 ———__+|.—____ symbol 2 
SSDE | | | | | | | | 


FSDE 


7280412.1A 


Fig. 4 Typical input waveforms from SAA7010/SAA7011. 


CLEC -—— gap —__—, -———— gap ——_—_—__, 


Le Ce OK ee 


DAEC gap level 


MSB LSB | MSB LSB MSB LSB MSB LSB 
<— most-significant symbol —!-*— Least- significant symbol —> 
——___—______________ data word 


FSEC 


7280401 


(1) When HIGH indicates unreliability of data word that will follow five frames later. 
(2) When HIGH indicates unreliability of current symbol. 


Fig. 5 Typical output waveforms to SAA7000. 
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‘xP | | 
‘ECG 
‘IDH 
‘ips “ps 
FSDE 
i 7280416 


Fig. 6 Input waveform timing; reference levels = 0,8 V and 2,4 V. 


7280417 


Fig. 7 RAM interface write cycle timing: reference levels = 0,8 V and 2,4 V, output loading = 1 TTL 
gate and C; = 50 pF. 
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OER ZZ TAY 


7280418 


Fig. 8 RAM interface read cycle timing; reference levels = 0,8 V and 2,4 V; output loading = 1 TTL 
gate and C; = 50 pF; WEER is HIGH during read cycle. 


TOCH tops 


LOCL tODH 


: (1) | 
‘ops 
>| —_— tor 


CLEC 


FSEC 


t 7Z80419 
tcrp UFH 


(1) CLEC remains LOW for 8 CLEC cycle periods. 

(2) DAEC level during this period is defined by the level on pin 38 (GAP). If GAP changes during CLEC 
active, the above timings apply. If GAP changes at other times, DAEC follows with a delay of 20 to 
500 ns. | 


Fig. 9 Output waveform timing; reference levels = 0,8 V and 2,4 V, output loading = 1 TTL gate and 
C; = 50 pF. 
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GENERAL DESCRIPTION 


The SAA7030 is a stereo interpolating digital filter designed for the Compact Disc Digital Audio 
system. The circuit incorporates two identical filters, each with a sampling rate of four times that of 
the normal digital audio sampling. 


Features 


@ Suppresses spurious lobes in the audio spectrum 

@ Improves the signal quality for digital-to-analogue conversion 

@ Allows a low-order analogue post filter to be used after the digital-to-analogue convertor (DAC) 
@ Option of offset binary or two’s complement data output format | 

@ Electrically-selectable d.c. offset/no offset on data output 

@ Overflow detection and protection 

@ Directly compatible with the interpolation and muting circuit (SAA7000) 

@ Generates a latch output strobe to the DAC 


SHIFT — REGISTER REGISTER (ORFD) 
(DRCF) REGISTER 


ROM 
, RECIRC. ‘ OUTPUT 
INPUT SHIFT js ACCUMULATOR SHIFT 


CLCF 
STRI TIMING & CONTROL 
CLFD 


CLOX LAT 


SAA7030 


Fig. 1 Block diagram. 


PACKAGE OUTLINE 
24-lead DIL; plastic (SOT-101A). 
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PINNING 
1 VBB back bias supply 
“D1 2 Os offset/no offset select input 
TEST 5 3 DLFD left channel data output 
TEST 4 4 n.c. not connected 
STR1 5 n.c. not connected 
20] Dice 6 CLFD data clock output 
7 LAT strobe output 
119] CLOX 
SAA7030 a 8 n.c. not connected 
18] CLCF 9 n.c. not connected 
DRCF 10 DRFD right channel data output 
6] TEST3 11 OB offset binary/two’s complement 
mee select input 
12 Vss ground 
ae 13. Vppe + 12 V supply 
Vpp2 14 TEST1 test output 
7290277 15 TEST2 test input 
16 TEST3 test input 
eS a cea 17 DRCF right channel data input 
Eigse rinning Clearer 18 CLCF data clock input 
19 CLOX master clock input 
20 DLCF left channel! data input 
21 STR1 strobe input 
22 TEST4 test input 
23 TEST5 test input 
24 Vpp1 + 5 V supply 


FUNCTIONAL DESCRIPTION 


The SAA7030 is a stereo interpolating filter which quadruples the data sample rate from 44,1 to 
176,4 kHz and thus achieves the following: 


1. It suppresses spurious spectrum lobes in the output data that occur between the baseband frequency 
and 176,4 + 20 kHz. This allows the DAC to be followed by a low-cost filter of the linear phase, 
low order, analogue post filter type (a very high order, low-pass filter would otherwise be required 
to suppress the 44,1 + 20 kHz lobe). 


2. It performs noise-shaping so that a 14-bit DAC yields the same in-band quantizing signal-to-noise 
ratio as from a 16-bit DAC supplied with unprocessed 44,1 kHz samples. 
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The circuit incorporates two identical filters (one per channel). Each is a finite impulse response, linear 
phase transversal filter. The filter length is 96 bits with 16-bit data words and 12-bit coefficients. The 
composition of each filter is as follows: 


serial-to-parallel input shift register; 

sixteen 24-bit shift registers for data storage; 
96 x 12-bit coefficient ROM; 

12 x 16-bit array multiplier; 

28-bit accumulator; 

parallel-to-serial output shift register. 


Overflow protection is incorporated in the filters so that, in the unlikely event of accumulator overflow, 
the output limits cleanly. Overflow only occurs if the input samples continuously reverse sign coinci- 
dently with the coefficients, so that the products of the two entered into the accumulator are continu- 
ally of the same sign. 


The data inputs may run asynchronously with the master clock (CLOX) provided that the data inputs 
are always complete before the rising edge of the 44,1 kHz input strobe (STR1). A 176,4 kHz output 
strobe (LAT) is provided, the rising edge of which follows the completion of the serial output data 
stream. This strobe pulse is timed to be used to gate the master clock (CLOX) if required. 


The input OS provides selection of —3% d.c. offset or no offset of the data output voltage level. The 
format of the output data is selected via the input OB to be in offset binary or two’s complement form. 


Pin functions 


pinno. mnemonic description 

1 VBB Back bias supply voltage: —2,5 V + 20%. 

2 OS Offset select input. When connected to Vpp1, the data output has a fixed 
d.c. offset of —3%. When connected to Vgg, the data output has no offset. 

3 DLFD Left channel data output. The data is 14-bit serial with most-significant bit 
first and is valid on the falling edge of the output clock (CLFD). 

6 CLFD Data clock output. Typical frequency = 4,2336 MHz ( = CLOX). 

| The falling edge of this clock defines output data valid. 

7 LAT Strobe output at 176,4 kHz. The rising edge of this pulse indicates that the 
output of a 14-bit data word is complete. 

10 DRFD Right channel data output (see DLFD). 

11 OB Offset binary/two’s complement select input. When connected to Vgs, the 

: output data is coded in offset binary. When connected to Vpp 1, the output 
data is coded in two’s complement. 

12s Vgg Ground (0 V). 

13 Vop2 Positive supply voltage: + 12 V + 10%. 

14 TEST1 Test output; not used in normal operation. 

15 TEST2 Test input; in normal operation this pin should be connected to Vsg or Vpp}4. 

16 TEST3 Test input; in normal operation this pin should be connected to Vss or Vpp1. 

17 DRCF Right channel data input. Data should be 16-bit serial with most-significant- 

| bit first and in offset binary code. It is valid on the falling edge of the input 

data clock (CLCF). | 

18 CLCF Input data clock. The falling edge of this clock defines input data valid. 

19 CLOX Master clock input. Runs continuously at a typical frequency of 4,2336 MHz. 

20 DLCF Left channel data input (see DRCF). 
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FUNCTIONAL DESCRIPTION (continued) 
pin no. mnemonic description 


21 STR1 Strobe input at 44,1 kHz. The internal timing chain of the SAA7030 is 
synchronized by the rising edge of STR1 which must be synchronous with 
CLOX within the tolerance specified in CHARACTERISTICS. The rising 
edge should follow the completion of the input data stream. 


22 TEST4 Test input; in normal operation this pin should be connected to Vpp}. 
23 TEST5 Test input; in normal operation this pin should be connected to Vpp}. 
24 Vpp1 Positive supply voltage: + 5 V + 10%. 


Pins 4, 5, 8 and 9 have no internal connection. 


HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS Devices’). 
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RATINGS ey 

Limiting values in accordance with the Absolute Maximum Rating System (IEC 134); Vos =0 V 
Supply voltage 1 range (pin 24) Vppi1 —0,3to +7,5 V 
Supply voltage 2 range (pin 13) | Vpp2 —0,3to +15 V 
Back bias supply voltage range (pin 1) | VBB —4to +03 V 
Input voltage range Vi —0,3to +7,5 V 
Output voltage range Vo —0,3 to +7,5 V 
Output current lo max. 10 mA 
Operating ambient temperature range Tamb —20to +70 °C 
Storage temperature range T stg —55 to+ 125 OC 
CHARACTERISTICS 


Vss = 0 V; Tamb = —20 to + 70 °C unless otherwise specified 


[omen om [om [oe [om le 


Supplies 


Supply voltage 1 (pin 24) 
Supply voltage 2 (pin 13) 
Back bias supply voltage (pin 1) 
Supply current 1 (pin 24) 
Supply current 2 (pin 13) 


Back bias supply current (pin 1) 
at Vpp1 S5,5 V; Vpop2 < 13,2 V 


Inputs 
Input voltage LOW 
Input voltage HIGH 


Input current at Tamb = 25 °C; 
V, =—0,3 to + 6,5 V 


Input capacitance 


Outputs (note 1) 
Output voltage LOW at —Io, = 1,6 mA 
Output voltage HIGH at Io = 0,2 mA 
Load capacitance 


Input CLOX 
Operating frequency 
Input clock LOW 
Input clock HIGH 
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CHARACTERISTICS (continued) 


Cewrenetr demo [nin [te [moe [ua 


Inputs CLCF, DLCF, DRCF, STR1 


CLCF frequency fic MHz 

CLCF LOW time tiCL ns 

CLCF HIGH time 7 tiCH ns 

DLCF/DRCF to CLCF set-up time tips ns 

CLCF to DLCF/DRCF hold time tiDH ns 

CLCF LOW to STR1 time tcsL ns 

STR1 LOW time tISL CLOX 

STR1 HIGH time tisH | cycles aaa 
CLOX to STR1 rising tXSL ns 5 
CLOX to STR1 HIGH txsH ns ———— 


Outputs CLFD, DRFD, OLFD, LAT 
(notes 2 and 3) 


Output rise time (except LAT) tor ns 
Output fall time (except LAT) tor ns 
Output rise time (LAT only) tLr ns 
Output fall time (LAT only) tLe ns 
CLFD HIGH time tOocH ns 
CLFD LOW time | toce ns 
DRFD/DLFD to CLFD set-up time tops ns 
CLFD to DRFD/DLFD hold time toDH ns 
CLFD LOW prior to LAT rising tcLp ns 
CLOX to LAT starting to change 

(note 4) txLs ns 
CLOX to LAT reaching final value tXLF ns 
CLFD LOW to rising edge of CLOX 

with rising edge to STR1 tXeL ns 
LAT HIGH time tLH CLOX 

cycle 


NOTES TO THE CHARACTERISTICS 


1, All outputs are protected against short-circuit to Veg and Vpp4. The maximum load capacitance 
that can be applied before the short-circuit protection becomes active is 150 pF. 


2. Output loading C, = 50 pF. 

3. Reference levels are 0,8 and 2 V. 

4. Rising edge of LAT occurs in the first CLOX LOW period following the rising edge to STR1 and 
then recurs at every 24th CLOX cycle. 
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SUSE 4ICH ver 
(1) 
IDS 
DLCF 
a, CD 0s 


STR1 


tixp 


(1) CLCF frequency (fic) = 1/ticp. The trailing edge of CLCF must occur 16 times between 
consecutive rising edges of STR1. 


(2) CLOX frequency (f;) = 1/t;xp. 


Fig. 4 Input waveform timing; reference levels are 0,8 and 2 V. 


CLOX 
txLF 'xLs 
XLS 

B 4 tXLF 

LAT 'LH 
tLR ‘LF 

eee t 
CLFO oe STRI 
DRFD 
DLFD 


Fig. 5 Output waveform timing: reference levels are 0,8 and 2 V; output loading = 50 pF. 
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GENERAL DESCRIPTION 


The SAA1099 is a monolithic integrated circuit designed for generation of stereo sound effects and 
music synthesis. 


Features 


@ Six frequency generators 
eight octaves per generator 
256 tones per octave 
@ Two noise generators 
@ Six noise/frequency mixers 
Twelve amplitude controllers 
Two envelope controllers 
Two 6-channel mixers/current sink analogue output stages 
TTL input compatible 
Readily interfaces to 8-bit microcontroller 
Minimal peripheral components 
Simple output filtering 


Applications. 

Consumer games systems 
Home computers 
Electronic organs 

Arcade games 

Toys 

Chimes/alarm clocks 


QUICK REFERENCE DATA 


Supply voltage (pin 18) Vpp _ typ. 5 V 
Supply current (pin 18) IpDp typ. 55 mA 
Reference current (pin 6) lref typ. 250 yA 
Total power dissipation Prot 450 mW 
Operating ambient temperature range Tamb Oto+70 °C 


er 9 cm Se EEA CoE RES HEESESTATATESESEERA) — EE  P ar  TT E SEAICEPE ETAY,SEA  T  S  -  P E-E CSPECS SY 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT-102CS). 
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Fig. 1 Block diagram. 
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Signetics Linear Products . a . ; Product Specification 


Microprocessor Controlled siareo Sound Generator 


SAA1099 
for Sound Effects and Music Synthesis SAF 
PINNING 
SAA1099 
7290786 
Fig. 2 Pinning diagram. 
PIN DESIGNATION | 
1 WR Write Enable: active LOW input which operates in conjunction with CS and 
AO to allow writing to the internal registers. | 
2 cs Chip Select: active LOW input to identify valid WR inputs to the chip. This 


input also operates in conjunction with WR and AO to allow writing to the 
internal registers. 


3 AO Control/Address select: input used in conjunction with WR and CS to load 
data to the control register (AO = 0) or the address buffer (AO = 1). 

4 OUTR Right channel output: a 7-level current sink analogue output for the ‘right’ 
component. This pin requires an external load resistor. _ 

5 OUTL Left channel output: a 7-level current sink analogue output for the ‘left’ 
component. This pin requires an external load resistor. | 

lef Reference current supply: used to bias the current sink outputs. 

7 DTACK Data Transfer Acknowledge: open drain output, active LOW to acknowledge 
successful data transfer. On completion of the cycle DTACK is set to inactive. 

8 CLK Clock: input for an externally generated clock at a nominal frequency of 
8 MHz. 

9 Vss Ground: 0 V. 

10-17 DO-D7 Data: Data bus input. 

18 Vpp Power supply: + 5 V typical. 
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FUNCTIONAL DESCRIPTION 


The following sections provide a detailed functional description of the SAA1099 as shown in the block 
diagram, Fig. 1. 


Frequency generators 


Six frequency generators can each select one of 8 octaves and one of 256 tones within an octave. 

A total frequency range of 30 Hz to 7,74 kHz is available. The outputs may also control noise or 

envelope generators. All frequency generators have an enable bit which switches them on and off, 
making it possible to preselect a tone tone and to make it inaudible when required. 


The frequency ranges per octave are: 
Octave Frequency range 


30 Hz to 60 Hz 

60 Hz to 122 Hz 

122 Hz to 244 Hz 
244 Hz to 488 Hz 
489 Hz to 976 Hz 
978 Hz to 1,95 kHz 
1,95 kHz to 3,90 kHz 
3,91 kHz to 7,81 kHz 


NOOR WN — © 


Noise generators 


The two noise generators both have a programmable output. This may be a software controlled noise 
via one of the frequency controlled generators or one of three pre-defined noises. There is no tone 
produced by the frequency generator when it is controlling the noise generator. The noise produced is 
based on double the frequency generator output, i.e. a range of 61 Hz to 15,6 kHz. 

In the event of a pre-defined noise being chosen, the output of noise generator 0 can be mixed with 
frequency generator 0, 1 and 2; and the output of noise generator 1 can be mixed with frequency 
generator 3, 4 and 5. In order to produce an equal level of noise and tone outputs (when both are 
mixed) the amplitude of the tone is increased. The three pre-defined noises are based on a clock 
frequency of 7,8 kHz, 15,6 kHz or 31,25 kHz. 


Noise/frequency mixers 
Six noise/frequency mixers each with four selections 


@ Channel off 

@ Frequency only 

® Noise only 

@ Noise and frequency 


Each mixer channel has one of the frequency generator outputs fed to it, three channels use noise | 
generator O and the other three use noise generator 1. 


Amplitude controllers 


Each of the six channel outputs from the mixer is split up into a right and left component giving 
effectively twelve amplitude controllers. An amplitude of 16 possible levels is assigned to each of the 
twelve signals. With this configuration a stereo effect can be achieved by varying only the amplitude 
component. The moving of a sound from one channel to the other requires, per tone, only one update 
of the amplitude register contents. 
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When an envelope generator is used, the amplitude levels are restricted. The number of levels available 
is then reduced to eight. This is achieved by disabling the least significant bit (LSB) of the amplitude 
control. 


Envelope controllers 


Two of the six tone generators are under envelope control. This applies to both the left and right 
outputs from the tone generator. : 
The envelope has the following eight possible modes: 


Amplitude is zero 

Single attack 

Single decay 

Single attack-decay (triangular) 
Maximum amplitude 
Continuous attack 

Continuous decay 

Continuous attack-decay 


The timing of the envelope controllers is programmable using one of the frequency generators (see 
Fig. 1). When the envelope mode is selected for a channel its control resolution is halved for that 
channel from 16 levels to 8 levels by rounding down to the nearest even level. 

There is also the capability of controlling the ‘right’ component of the channel with inverse of the 
‘left’ component, which remains as programmed. 


A direct enable permits the start of an envelope to be defined, and also allows termination of an 
envelope at any time. The envelope rate may be controlled by a frequency channel (see Fig. 1), or by 
the microprocessor writing to the address buffer register. if the frequency channel controlled is OFF 
(NE = FE = 0) the envelope will appear at the output, which provides an alternative ‘non-square’ tone 
capability. In this event the frequency will be the envelope rate, which provided the rate is from the 
frequency channel, will be a maximum of 1 kHz. Higher frequencies of up to 2 kHz can be obtained 
by the envelope resolution being halved from 16 levels to 8 levels. Rates quoted are based on the input 
of a 8 MHz clock. 


Six-channel mixers/current sink analogue output stages 


Six channels are mixed together by the two mixers allowing each one to control one of six equally 
weighted current sinks, to provide a seven level analogue output. 


Command/control select 


In order to simplify the microprocessor interface the command and control information is multiplexed. 
To select a register in order to control frequencies, amplitudes, etc. the command-register has to be loaded. 
The contents of this register determines to which register the data is written in the next control-cycle. 

If a continuous update of the control-register is necessary, only the control-information has to be 

written (the command-information does not change). 

If the command/control select (AO) is logic 0, the byte transfer is control; if AO is logic 1, the byte 
transfer is command. 
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Interface to microprocessor 


The SAA1099 is a data bus based |/O peripheral. Depending on the value of the command/control 
signal (AQ) the CS and WR signals contro! the data transfer from the microprocessor to the SAA 1099. 
The data-transfer-acknowledge (DTACK) indicates that the data transfer is completed. When, during 
the write cycle, the microprocessor recognizes the DTACK, the bus cycle will be completed by the 
processor. 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 18) VppD —0,3to +7,5 V 

Maximum input voltage VI —0,3to +7,5 V 
at Vpp = 4,5 to 5,5 V VI —0,5to +7,5 V 

Maximum output current lo max. 10 mA 

Total power dissipation Prot 450 mW 

Storage temperature range T stg —55 to +125 °C 

Operating ambient temperature range Tamb Oto +70 °C 

Electrostatic handling* Ves —1000 to +1000 V 


* Equivalent to discharging a 250 uF capacitor through a 1 k{2 series resistor. 
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D.C. CHARACTERISTICS 
Vpp = 5 V: Tamb = 0 to 70 °C; unless otherwise specified 


Supply 

Supply voltage 

Supply current 

Reference current (note 1) 


INPUTS | 
Input voltage HIGH 
Input voltage LOW 
Input leakage current 


Input capacitance 


OUTPUTS 
DTACK (open drain; note 2) 


Output voltage LOW 
at lop = 3,2 mA 


Voltage on pin 7 (OFF state) 
Output capacitance (OFF state) 
Load capacitance 

Output leakage current (OFF state) 


Audio outputs (pins 4 and 5) 
With fixed |e (note 3) 

One channel on 101/lref 
Six channels on log/6x! ref 


With lef = 250 pA; Ry = 1,1 kQ (+ 5%) 
One channel on loi/lret 

Six channels on l¢o6/6x\ ref 
Output current one channel on 
Output current six channels on 


With resistor supplying lef (note 4) 
Output current one channel on 
Output current six channels on 
Load resistance 

D.C. leakage current all channels off 


Maximum current difference between 
left and right current sinks (note 5) 


Signal-to-noise ratio (note 6) 
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A.C. CHARACTERISTICS 


Vpp =5 V: Tamb = 0 to 70 °C; timing measurements taken at 2,0 V fora logic 1 and 0,8 V fora 
logic O unless otherwise specified (see waveforms Figs 3 and 4) 


ee 


Bus interface timing (see Fig. 3) 
AO set-up time to CS fall 

CS LOW to WR fall 

AO set-up time to WR fall 

WR LOW time 

Data bus valid to WR rise 

DTACK fall delay from WR fall (note 7) 
AO hold time from WR HIGH 

CS hold time from WR HIGH 

Data bus hold time from WR HIGH 
DTACK rise delay from WR HIGH 
Bus cycle time (note 8) 


Bus cycle time (note 9) 


Clock input timing (see Fig. 4) 
Clock period 

Clock LOW time 
Clock HIGH time 


Notes to the characteristics 


1. Using an external constant current generator to provide a nominal |, ef or external resistor 
connected to Vpp. 

2. This output is short-circuit protected to Vpp and Vss. 

3. Measured with I,af a constant value between 100 and 400 yA; load resistance (R__) allowed to match 
E24 (5%) in all applications via: 


_ 0,27775 + 0,03611 


Ri 
lref 


4, Measured with Rre¢ = 10 kQ (+ 5%) connected between I-ef and Vpp; Ri = 820 Q (+ 5%); OUTR 
and OUTL short-circuit protected to Vss. 

5. Left and right outputs must be driven with identical configuration. 

6. Sample tested value only. 

7. This timing parameter only applies when no wait states are required; otherwise parameter is invalid. 

8. The minimum bus cycle time of two clock periods is for loading all registers except the amplitude 


registers. 

9. The minimum bus cycle time of eight clock periods is for loading the amplitude registers. In a 
system using DT ACK it is possible to achieve minimum times of 500 ns. Without DTACK the 
parameter given must be used. 
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Fig. 3 Bus interface waveforms. 
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Fig. 4 Clock input waveform. 
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APPLICATION INFORMATION 
Device operation 


The SAA1099 uses pulse width modulation to achieve amplitude and envelope levels. The twelve 

signals are mixed in an analogue format (6 ‘left’ and 6 ‘right’) before leaving the chip. The amplitude 
and envelope signals chop the output at a minimum rate of 62,5 kHz, compared with the highest tone 
output of 7,74 kHz. Simple external low-pass filtering is used to remove the high frequency components. 


Rates quoted are based on the input of a 8 MHz clock. 


A data bus based write only structure is used to load the on-board registers. The data bus is used to 
load the address for a register, and subsequently the data to that register. Once the address is loaded 
multiple data loads to that register can be performed. 


The selection of address or data is made by the single address bit AO, as shown in register maps Table 1 
and Table 2. 


The bus control signals WR and CS are designed to be compatible with a wide range of microprocessors, 
a DTACK output is included to optimise the interface with an S68000 series microprocessor. In most 
bus cycles DTACK will be returned immediately, this applies to all register address load cycles and all 
except amplitude data load cycles. With respect to amplitude data, a number of wait cycles may need 
to be performed, depending on the time since the previous amplitude load. DTACK will indicate the 
number of required waits. 


Register description (see Tables 2 and 3) 


The amplitudes are assigned with ‘left’ and ‘right’ components in the same byte, on a channel by 
channel basis. The spare locations that are left between blocks of registers is to allow for future 
expansion, and should be written as zero’s. The tone within an octave is defined by eight bits and the 
octave by three bits. Note that octaves are paired (0/1, 2/3 etc.). The frequency and noise enables are 
grouped together for ease of programming. The controls for noise ‘colour’ (clock rate) are grouped 

in one byte. 


The envelope registers are positioned in adjacent locations. There are two types of envelope controls, 
direct acting controls and buffered controls. The direct acting controls always take immediate effect, 
and are: 


@ Envelope enable (reset) 
@ Envelope resolution (16/8 level) 


The buffered controls are acted upon only at the times shown in Fig. 5 and control selection of: 


@ Envelope clock source 
@ Waveform type 
@ Inverted/non-inverted ‘right’ component 


Table 1 External memory map 


select are bus a eee ee 
AO D6 ° 
ms oe i D4 D3 D2 D1 DO data for internal registers 
; A4 A3 A2 Al AO internal register address 


Where X = don’t care state. 
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Table 2 Internal register map. 


register data bus inputs operations 
address | D7 D6 D5 D4 D3 D2 D1 DO 


ARO3 } ARO2} ARO1} AROO} ALO3 | ALO2 ; ALO1 | ALOO | amplitude 0 right channel; 
left channel 

amplitude 1 right/left 
amplitude 2 right/left 
amplitude 3 right/left 
amplitude 4 right/left 
amplitude 5 right/left 


™< xX ORBWND = 


™x xX ORWN = 
= 


™x<XxXORWN = 
ro) 
NN) 


™ XOBRWN = 
ro) 
oO 


™™ XORWN— 
ro) 


fo) 
a 
™ xXORWN— 
o) 
o 
ro) 
a 
ro) 
on) 


frequency of tone 0 
frequency of tone 1 
frequency of tone 2 
frequency of tone 3 
frequency of tone 4 
frequency of tone 5 


TMARWNH- TXXxKOBWDH 


MERWNH 
on 
Oo 


ol 
oO 
TMEPWND = 
NPWN — 


Ol 
OO 
1PWN = 


x &X 
Pee cen 
o 
XxX T AWN 
Ba 
xx 
N 
BWN — 
Oe 
x XX 


octave 1; octave 0 
octave 3; octave 2 
octave 5; octave 4 


xx xxx 


frequency enable 
noise enable 

noise generator 1; 
noise generator O 


1 
2 
3 
4 
5 
Xx 
X 
F 
1 
2 
3 
4 
F5 
X 
Xx 
X 
Xx 
Xx 
Xx 
Xx 
Xx 
X 


envelope generator O 
envelope generator 1 


sound enable (all channels) 


Where: | 
All don’t cares (X) should be written as zero’s. 


00 to 1F block of registers repeats eight times in the block between addresses 00 to FF (full internal 
memory map). 


September 1985 5-678 


Signetics Linear Products 


Microprocessor Controlled Stereo Sound Generator 
for Sound Effects and Music Synthesis 


APPLICATION INFORMATION (continued) 
Table 3 Register description 


4 bits for amplitude control 

of right channel 

0000 minimum amplitude (off) 
1111 > maximum amplitude 


ARn3; ARn2; 
ARn1; ARnO 
(n = 0,5) 


ALn3; ALn2; 
ALn1; ALnO 
(n = 0,5) 


4 bits for amplitude control 

of left channel 

0000 minimum amplitude (off) 
1111 > =maximum amplitude 


Fn7 to FnO 
(n = 0,5) 


8 bits for frequency control 

of the six frequency generators 
0000000 0 lowest frequency 
1111111 1~ highest frequency 


On2; On1; OnO 
(n = 0,5) 


bits for octave control 
O lowest octave (30 Hz to 60 Hz) 

1 (60 Hz to 122 Hz) - 
0 (122 Hz to 244 Hz) 
1 (244 Hz to 488 Hz) 
0 (489 Hz to 976 Hz) 
1 
0 
1 


(978 Hz to 1,95 kHz) 
(1,95 kHz to 3,90 kHz) 


0 
0 
1 
1 
0 
0 
1 
1 highest octave (3,91 kHz to 7,81 kHz) 


FEn frequency enable bit (one tone per generator) 
(n = 0,5) FEn = 0 indicates that frequency ‘n’ is off 


noise enable bit (one tone per generator) 
NEn = 0 indicates that noise ‘n’ is off 


2 bits for noise generator control. 
These bits select the noise generator rate (noise ‘colour’) 
clock frequency (kHz) 


61 ‘to 15,6 (frequency generator 0/2) 
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Microprocessor Controlled Stereo Sound Generator _ SAA 4099 
for Sound Effects and Music Synthesis .* | 


description 


En7; 

En5 to EnO 7 bits for envelope control 

(n= 0,1) EnO | 

O left and right component have the same envelope 

right component has inverse of envelope that is applied to left 
component _ | 

En2 Ent 


mM 


oOoo°os 
wo 


zero amplitude 
maximum amplitude 
single decay 
repetitive decay 
single triangular 
repetitive triangular 
single attack 
repetitive attack 


m 
£ 


4 bits for envelope control (maximum frequency = 976 Hz) 
3 bits for envelope control (maximum frequency = 1,95 kHz) 


m 
O1 


internal envelope clock (frequency generator 1 or 4) 
external envelope clock (address write pulse) 


m 
NS 


reset (no envelope control) 
envelope control enabled 


1 
1 
1 
1 
n 
0 
1 
n 
0 
1 
n 
0 
1 


SE sound enable for all channels 
(reset on power-up to Q) 

0 all channels disabled 

1 all channels enabled 


Note 
All rates given are based on the input of a 8 MHz clock. 
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for Sound Effects and Music Synthesis SAA1099 


APPLICATION INFORMATION (continued) 


envelope generator inactive envelope generator active 
(En7 =Q) (En7 = 1) 
a A 
En3 En2 Eni EnO 
0 0 0 0 W/) a 
|< (1) >| ee 
(3) 
ae ee 
0 0 1 O b 
lx (1) >| f ‘ 
(4) (4) (4) 
' 
(2) 
4 
Oo 1 0. 6—O Cc 
|< (1) >| Bias Geeta Sa eo Sena 
; (3) 
Se 
VT 
0 1 1 0 Ze Wiz Zz d 
Li Yj» Yj VY UYsjor Ys Dorm, 
[ae (1) >| 
: a - 
1 0 0 0 e 
|< (1) + | ans 
amie Wi dlladldlllr LE Ai | 
YY, 4 VA LLL Lm, 
| (1) > 
ae, 
‘ 
1 1 O O g 
| (1) >| ee 
(3) 


Y 
g{2! 
1 1 1 0 h 
ree 1 
| ” | (4) (4) (4) 
z 2) 
UP. Pr» Pm f Pr. PD ) 
1 1 1 1 
Cm ee 1 Dorr VP Ul V/t+> 
|e (1) >| 
4) ca (4 a 7287813 


Fig. 5 Envelope waveforms. 
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Notes to Fig. 5 7 A 
(1) The level at this time is under amplitude control only (En7 = 0; no envelope). 


(2) When the generator is active (En7 = 1) the maximum level possible is 15/16ths of the amplitude 


level, rounded down to the nearest eight. When the generator is inactive (En7 = Q) the level will be 
16/16ths of the amplitude level. 


(3) After position (3) the buffered controls will be acted upon when loaded. 
(4) At positions (4) the buffered controls will be acted upon if already loaded. 


(5) Waveforms ‘a’ to ‘h’ show the left channel (EnO = 0; left and right components have the same 
envelope). | | 


Waveform ‘i’ shows the right channel (EnO = 1; right component inverse of envelope applied to 
left). 


. Vpp 
CLOCK 
R R R 
GENERATOR | i rer i L f L Siee OUTPUT 
| UTPUT AMPLIFIER 

CLK (8 MHz) left channel 
Ee Wa output 
DTACK 


10 to 17 AMPLIFIER 
Cee 3 right channel 
2 output 
D i 
ADDRESS | 


7290787 
DECODER 


Fig. 6 Typical application circuit diagram. 
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Sound Generator IC for Organs 


UAA2183 


DESCRIPTION 

ORIC is a monolithic bipolar integrated 
circuit which generates tones and enve- 
lopes for use in electronic keyboards. 


FEATURES 

@ 10-tone polyphonic tone 
generator 

e@ 5-octave pitch capability 

@ 6-octave tone capability 

@ 3-tone output waveforms 
(squarewave 50% and 12.5% 
duty cycle and 8 steps staircase) 

e 10 analog envelope generators 
offering a variety of possibilities 
(plano, percussion, sustain, 
percussion/sustain) 

© Serial/paraliel interface 


PIN CONFIGURATION 


APPLICATIONS 
® Electronic pianos/organs 


© Melody generators 


TOP VIEW 
CD012908 
FUNCTION 

CENV10 (envelope capacitor) 
CENV9 
CENV8 
CENV7 
CENV6 
DWB (drawbar) 
SUL (sustain level) 
Tout 2 (tone output) 
Tout 4 
Tout 6 
Tout 1 
Tout 3 


= 
z 


OOnOna OH = 


out 

DAN (decay time pin) 
+12 Volt 

CENV5 

CENV4 

CENV3 

CENV2 

CENV1 

IREF (current reference + I@L supply) 
TINS (TOS I/O pin) 
TIN7 

TING 

TINS 

TINS (TOS input pin) 
DATA 0 (bus pin) 
DATA 1 

DATA 2 

DATA 3 

CLOCK (bus) 

PR (pointer reset bus) 
TIN12 

TIN11 

TIN10 

TIN1 (TOS I/O highest frequency) 
TIN2 

TIN3 

TIN4 

COMMON 
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Power 
OM200/S2 
TDA1010A 
TDA1013A 
TDA1015 
TOA1020 
TDA1510 
TDA1512 
TDA1515 
TDA1520A 
TDA2611A 
TDA7050T 

Video 
NE5205 


Amplifiers 
Section 6 


Hearitig Ald AMputiel iiscseiisecscodsscnsccssscvavendasdwcsussscuscedecesavevavetausncassenes 
GW Audio Ample saicicisesiendisicdsedccsecdeweasaccssacsaccessdceevesdeevs docceuasscaaswseve 
4W Audio Amplifier with DC Volume Control .............ccccsccsecnncscsncnscseceees 
1 to 4W Audio Amplifier ............cccccscecssecscscsrsecccusccscscecnctensescccsenseccecses 
T2W AUGIO AMINO oc iccccsccsdicwenscdssietevsventacaecndsncstasdsdevdececcctadcassaececsea 
2 X 12W Audlo Amplifier ..........ccccoccscccccccsccccvcccccccccccnssssncesesscusoscccacences 
12 x 20W Audio Amplifier ................c..ccescccseccenccenccucccerccenscceccenccecvennes 
24W BTL Audio Armppllifiier ...........ccsccccsccsccccsccccsccncnscnccccsccnscesscenccesscusaces 
20W HI-FI Audio Amplifier ...........cscscesccssecsecccnsececscecscecccsecscesssarecneanenses 
SW Audio. Output [OF TV a cisvccsccassctendcccnevasciedvscsevvesensdeatcesccdussedscecseeeses 
Low Voltage Mono/Stereo Power Amplifier (for Cordiess Telephone) ....... 


Wideband High Frequency Amplifier .............cscsssccssscnccesccsesscensccessscceeces 
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Hearing Aid Amplifier 0M200/S2 


Monolithic integrated circuit amplifier in a plastic envelope, primarily intended for use 
in ear hearing aids. 


QUICK REFERENCE DATA 


For meaning of symbols see test circuit on page 2 
Supply voltage 

Supply current 

295°C 


Total power dissipation up to Tap 


The following data are measured in test circuit on page 3 


Total supply current 
Transducer gain 


Output power at doy = 10% 


Cut -off frequency (-—3 dB) 


PACKAGE OUTLINE (Dimensions in mm) CIRCUIT DIAGRAM 
SOT - 20 


ie 
i 0,12 max 


7Z55207.2 


7255202 


The sealing of the plastic envelope withstands the accelerated damp heat test of IEC re- 
commendation 68-2 (test D,severity IV, 6 cycles). 
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Hearing Aid Amplifier ~ 0M200/S2 


RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


For meaning of symbols test circuit on page 3. 


Voltages 

Supply voltage V,-3 max. | > V 
Output voltage V9-3 max. 5 V IY 
Input voltage -V4-3 max. > V 
Currents 

Output current I9 max. > mA 
Input current ly max. 9 mA 


Power dissipation 


Power derating curve 


7267339.2 
75 


eae eae ee eee ei ee 

a sau al DC CO ee ee 

Gawy ee ee ee ia Oo Oe UB 

Sesame teh tested ale i me 

ry Ca a Bese 

Rew eee eRe ES (ee a De 

eta eee hees ata 

Saas eee ee es 

Fie iD CO ee alee aaa 

71a a FOS Fe Fe el DE 

Cee os ea 

eal EE Ween est ee ee 

espoueeifapede decd feel dest let Nt tt 

ee eee ee lei aXe 

Oe ee ee et es] eo 

—25 0 25 50 75 
O 
Temperatures Tamb (C) 

Storage temperature T stg -20to+80 °C 
Ambient temperature (see derating curve above) Tamb -20to +80 °C 


1) This value may be exceeded during inductive switch -off for transient energies < 10yWs. 
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Product Specification 


OM200/S2 


CHARACTERISTICS at Vj -3 =1,3V;ly = 0,7mAand T,,,,=25 °C unless otherwise specified 


Supply currents (no signal) 


Transducer gain at f = 1 kHz 


Total distortion at f = 1 kHz 
Py = 100 pW 


Py = 200 pW 


Noise figure at Rg = 5 kQ2 
B = 400 to 3200 Hz 


Cut -off frequency (-3 dB) 


Value of Rp to adjust 12 at 0,7 mA 


Test circuit 


0,5kQ 
IZ|=1,5kQ 


7Z55208.1 


Re 


lege <= 1,1 mA 
Ty typ. 0,30 mA 
> ia dB 1 
vt typ. 85 dB? 
q typ. 4 & 
tot 2 6 % 
drot < 10 %& 
typ. 2,5 dB 
F Z 6 dB 2) 
fe > 20 kHz 
. 170 to 1000 =k 
Fo typ. 400 kQ 


Note 


I, = 0,7 mA; adjusted by means of Rp 
V1 -3 = 1,3 Vi Tamp = 2 {G 


1) The transducer gain is defined as the ratio of the output power in the load | Z | =1,5kQ 
and the available input power of the source with Rg = 5 k®&2. 


Gey = 


2 
V;-/4 Ro 


2) Due to special processing and pre -measuring, the flutter -noise level isextremely low. 


6-5 
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Hearing Aid Amplifier -0M200/S2 


CHARACTERISTICS 


7267340 


me 
ed 
a 
am 
Gs 
as 
sal 
| 
Roles 
eked 
fe aia 


-25 0 25 50 75 
Tamb (°C) 


The graph applies to test circuit on page 3 
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Hearing Aid Amplifier 
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6W Audio Amplifier | TDA1010A 


The TDA1010A is a monolithic integrated class-B audio amplifier circuit in a 9-lead single in-line (SIL) 
plastic package. The device is primarily developed as a 6 W car radio amplifier for use with 4 Q and 
2 82 load impedances. The wide supply voltage range and the flexibility of the IC make it an attractive 
proposition for record players and tape recorders with output powers up to 10 W. 

Special features are: | 

@ single in-line (SIL) construction for easy mounting 

® separated preamplifier and power amplifier 

®@ high output power 

® jow-cost external components 

® good ripple rejection 

® thermal protection 


QUICK REFERENCE DATA 


Supply voltage range Vp 6 to 24 V 
Repetitive peak output current lOoRM max. 3 A 
Output power at pin 2; dioz = 10% 

Vp=14,4V; RE =2Q Po typ. 6,4 W 

Vp= 14,4V;R, =42 Po typ. 6,2 W 

Vp=14,4V; RL =8Q | Po typ. 3,4 W 

Vp = 14,4 V; Ry = 2 Q; with additional 

bootstrap resistor of 220 {2 between pins 3 and 4 Po typ. 9W 

Total harmonic distortion at Pp = 1W; RL =42 dtot typ. 0,2 % 
Input impedance 

preamplifier (pin 8) |Z; | | typ. 30 kQ 

power amplifier (pin 6) | 2; | typ. 20 kQQ 
Total quiescent current at Vp = 14,4 V ltot typ. 31 mA 
Sensitivity for Pp = 5,8 W; Ry = 42 Vi typ. 10 mV 
Operating ambient temperature Tamb —25 to + 150 °C 
Storage temperature | T stg —55 to+ 150 °C 
PACKAGE OUTLINE 


9-lead SIL; plastic (SOT-110B). 
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Fig. 1 Circuit diagram. 
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6W Audio Amplifier TDA1010A 
RATINGS | | 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp max. 24 V 

Peak output current lom max. 5 A 
Repetitive peak output current loRM —_—smax. 3 A 

Total power dissipation see derating curve Fig. 2 

Storage temperature Tstg —55 to + 150 °C 
Operating ambient temperature Tamb —25 to + 150 °C 


A.C. short-circuit duration of load 
during sine-wave drive; 
without heatsink at Vp = 14,4 V tse max. 100 hours 


Fig. 2 Power derating curve. 


HEATSINK DESIGN 


Assume Vp = 14,4 V; Ry =2 Q; Tamb = 60 °C maximum; thermal shut-down starts at T; = 150 °C. 
The maximum sine-wave dissipation in a 2 load is about 5,2 W. The maximum dissipation for music 
drive will be about 75% of the worst-case sine-wave dissipation, so this will be 3,9 W. Consequently, the 


total resistance from junction to ambient 
_ : _ 150 — 60 _ 
Rth j-a = Rthj-tab + Rth tab-h + Rthh-a = gg = 23 KW. 


Since Rth j-tab = 10 K/W and Rth tab-h = 1 K/W, 


Rthh-a = 23 — (10+ 1) = 12 KW. 
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D.C. CHARACTERISTICS 
Supply voltage range Vp 6 to 24 V 
Repetitive peak output current lORM < 3A 
Total quiescent current at Vp = 14,4 V ltot typ. 31 mA 


A.C. CHARACTERISTICS 


Tamb = 25 °C; Vp = 14,4 V; Ry =4 Q; f = 1 kHz unless otherwise specified; see also Fig. 3. 


A.F. output power (see Fig. 4) at dyoz = 10%; 
measured at pin 2; with bootstrap 


Vp= 14,4 V; Ry =2 Q (note 1) 
Vp = 14,4 V; Ry =4 Q (note 1 and 2) 


Vp = 14,4 V; Ry =8 Q (note 1) 
Vp = 14,4 V; Ry =4 Q; without bootstrap 


Vp = 14,4 V; Ry = 2 Q; with additional bootstrap 
resistor of 220 {2 between pins 3 and 4 


Voltage gain 
preamplifier (note 3) | 


power amplifier 


total amplifier 


Total harmonic distortion at Pp = 1 W 
Efficiency at Pp = 6 W 
Frequency response (—3 dB) 


Input impedance 
preamplifier (note 4) 


power amplifier (note 5) 


Output impedance of preamplifier; pin 7 (note 5) 


Output voltage preamplifier (r.m.s. value) 
dtot < 1% (pin 7) (note 3) 
Noise output voltage (r.m.s. value; note 6) 
Rs =O 2 
Rs = 8,2 kQ 
Ripple rejection at f = 1 kHz to 10 kHz (note 7) 
at f = 100 Hz; C2 = 1 uF 
Sensitivity for P, = 5,8 W 


Bootstrap current at onset of clipping; pin 4 (r.m.s. value) 


6-11 


|i | 
| Zi | 


| Z0| 


Vo(rms) 


Vn(rms) 


Vn(rms) 


RR 
RR 


Vi 
l4(rms) 


typ. 6,4 W 
> 59 W 
typ. 6,2 W 
typ. 3,4 W 
typ. 5,7 W 
typ. 9 W 
typ. 24 dB 

21to27 dB 
typ. 30 dB 

27 to 33 dB 
typ. 54 dB 

51 to 57 dB 
typ. 0,2 % 
typ. 75 % 


80 Hz to 15 kHz 


typ. 30 kQ 
20 to 40 kQ 
typ. 20 kQ2 
14 to 26 k&2 
typ. 20 kQQ 
14 to 26 kQQ 
> 0,7 V 
typ. 03 mV 
typ. 0,7 mV 
< 1,4 mV 
> 42 dB 
> 37 dB 
typ. 10 mV 
typ. 30 mA 
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6W Audio Amplifier — TDAIO10A 


Notes 

1. Measured with an ideal coupling capacitor to the speaker load. 
2. Up to Pg S3 W: diot S 1%. 

3. Measured with a load impedance of 20 kQ. 

4. Independent of load impedance of preamplifier. 

5 


. Output impedance of preamplifier (| Zo| ) is correlated (within 10%) with the input impedance 
(| Z;| ) of the power amplifier. 


6. Unweighted r.m.s. noise voltage measured at a bandwidth of 60 Hz to 15 kHz (12 dB/octave). 


7. Ripple rejection measured with a source impedance between 0 and 2 kQ (maximum ripple amplitude: 
2V). 


8. The tab must be electrically floating or connected to the substrate (pin 9). 


ripple 
voltage 
meter 
O + 
C1 
ofS +| 1000 uF 
| 1 uF c8 Vp 
@ 
Ni ry [Re 
4Q 
) 
e O—, 


7Z76418. 2 


N 


Fig. 3 Test circuit. 
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6W Audio Amplifier TDA1010A 
7277909.A 
15 
Po CET 
w) COCO) 
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14,4 


Fig. 4 Output power of the circuit of Fig. 3 as a function of the supply voltage with the load impedance 
as a parameter; typical values. Solid lines indicate the power across the load, dashed lines that available 
at pin 2 of the TDA1010. Ry =2 2 (1) has been measured with an additional 220 Q bootstrap resistor 
between pins 3 and 4. Measurements were made at f = 1 kHz, dtot = 10%, Tamb = 25 OC. 


Fig. 5 See next page. 

Total harmonic distortion in the circuit of Fig. 3 as a function of the output power with the load 
impedance as a parameter; typical values. Solid lines indicate the power across the load, dashed lines 
that available at pin 2 of the TDA1010. Ry =22 (1) has been measured with an additional 220 2 
bootstrap resistor between pins 3 and 4. Measurements were made at f = 1 kHz, Vp=14,4V. 
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6W Audio Amplifier ~  TDA1010A 
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Fig. 5 For caption see page 6. 


eas aa 
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Fig. 6 Frequency characteristics of the circuit of Fig. 3 for three values of load impedance: typical 
values. Pg relative to 0 dB = 1 W; Vp = 14,4 V. 
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6W Audio Amplifier TDA1010A 
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Fig. 7 Total power dissipation (solid lines) and the efficiency (dashed lines) of the circuit of Fig. 3 as 
a function of the output power with the load impedance as a parameter (for Ry = 2 2 an external 
bootstrap resistor of 220 {2 has been used); typical values. Vp = 14,4 V; f = 1 kHz. 
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Fig. 8 Thermal resistance from heatsink to ambient of a 1,5 mm thick bright aluminium heatsink as a 
function of the single-sided area of the heatsink with the total power dissipation as a parameter. 
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Fig. 9 Complete mono audio amplifier of a car radio. 
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6W Audio Amplifier | TDA‘010A 


TDA1010A 


7277931 


Fig. 10 Track side of printed-circuit board used for the 
circuit of Fig. 9; p.c. board dimensions 92 mm x 52 mm. 


AA 


7Z277932.1 


Fig. 11 Component side of printed-circuit board 
showing component layout used for the circuit of Fig. 9. 
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Fig. 12 Complete stereo car radio amplifier. 
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AW Audio Amplifier with DC Volume Control TDA1013A 


The TDA1013A is a monolithic integrated audio amplifier circuit with d.c. volume control in a 9-lead 
single in-line (SIL) plastic package. The wide supply voltage range makes this circuit very suitable for 
applications in mains-fed apparatus such as television receivers and record players. 


The d.c. volume control stage has a logarithmic control characteristic with a range of more than 80 dB; 
control can be obtained by means of a variable d.c. voltage between 3.5 and 8 V. 


The audio amplifier has a well defined open loop gain and a fixed integrated closed loop gain. This 
offers an optimum in number of external components, performance and stability. 


The SIL package (SOT-110B) offers a simple and low-cost heatsink connection. 
QUICK REFERENCE DATA 


Supply voltage range Vp 15 to 35 V 
Repetitive peak output current lORM max. 1.5 A 


Total sensitivity (d.c. control at max. gain) 
for Pp = 2.5 W Vj typ. 55 mV 


Audio amplifier 
Output power at diot = 10% 


Vp=18V;R_ =8Q Po typ. 4.5 W 
Total harmonic distortion at Pp = 2.5 W; Ry =8 Q dtot typ. 0.5 % 
Sensitivity for Pp = 2.5 W Vj typ. 125 mV 


D.C. volume control unit 


Gain control range 0) SS 80 dB 
Signal handling at dyo4 < 1% 

(d.c. control at O dB) Vj > 1.2 V 
Sensitivity for Vo = 125 mV at max. voltage gain Vj typ. 55 mV 
Input impedance (pin 8) |Z; | typ. 250 kQ 


PACKAGE OUTLINE 
9-lead SIL; plastic (SOT-110B). 
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2 
01 *~L 470 
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Vj 
3.3 Ry 
we 


O-?—__—_——_—_ 


7Z86574.3 


(1) Belongs to power supply. 


Fig. 1 Basic application diagram also used as test circuit with R1 = 5.1 kQ and C1 = 22 nF. 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp max. 35 V 
Non-repetitive peak output current losM max. 3 A 
Repetitive peak output current lORM max. 1.5 A 
Storage temperature Tstg —55 to+150 °C 
Crystal temperature Tj —25 to + 150 °C 
Total power dissipation see derating curve Fig. 2 


HEATSINK DESIGN 


Assume Vp = 18 V; RL = 8 2; Tamb = 60 OC (max.); Tj] = 150 OC (max); for a 4 W application into an 
8 (2 load, the maximum dissipation is about 2.5 W. 
The thermal resistance from junction to ambient can be expressed as: 


Tj —T 150 — 60 
a _ 'jmax amb max _ a 
Rth j-a~ Rth j-tab + Rth tab-h + Rth h-a = ————->-— ——-F ae = 36 K/W. 


Since Rth j-tab = 9 K/W and Rth tab-h = 1 KW, Rth h-a = 36 — (9 + 1) = 26 KW. 
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CHARACTERISTICS 
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Fig. 2 Power derating curve. 
infinite heatsink; 
— —— without heatsink. 


Vp=18V; R, =8 Q; f = 1 KHZ; Tamb = 25 OC; unless otherwise specified 


Supply voltage 


Total quiescent current 


Noise output voltage (see also note) 


Total sensitivity (d.c. control at maximum gain) | 


for Po = 2.5 W 


Frequency response (—3 dB) 


Audio amplifier 
Repetitive peak output current 


Output power at dio; = 10% 


Total harmonic distortion at Pg = 2.5 W 


Voltage gain 
Sensitivity for Pp = 2.5 W 


Input impedance (pin 5) 


Note 


Product Specification 
TDA1013A 
typ. 18 V 
15 to 35 V 
typ. 35 mA 
<3 1.4 mV 
38 to 69 mV 
typ. 55 mV 


35 Hz to 20 kHz 


< 15 A 
> 4W 
typ. 4.5 W 
typ, 0.5 % 
< 1% 
typ. 30 dB 
typ. 125 mV 
> 100 k&2 


typ. ......250 kQ 


Measured in a bandwidth according to IEC 179-curve ‘A’; Rg = 5 kQ and d.c. control at minimum gain. 
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CHARACTERISTICS (continued) 
D.C. volume control unit 


Gain control range (see also Fig. 3) p 
Signal handling at diot < 1% 

(d.c. control at O dB) Vj 
Sensitivity for Vo = 125 mV at max. voltage gain Vj 
Input impedance (pin 8) |Z; 
Output impedance (pin 6) Z| 


@ (dB) 


Fig. 3 Typical values gain control; Vj; at pin 7. 
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Product Specification 
TDA1013A 
> 80 dB 
> 1.2 V 
typ. 55 mV 
> 100 kQ 
typ. 250 kQ 
100 to 400 Q 
typ. 200 Q 


7Z86572.2 
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‘to 4W Audio Amplifier : +  TDA1045 


The TDA1015 is a monolithic integrated audio amplifier circuit in a 9-lead single in-line (SIL) plastic 
package. The device is especially designed for portable radio and recorder applications and delivers up 
to 4 W ina 4 Q load impedance. The very low applicable supply voltage of 3,6 V permits 6 V applications. 
Special features are: 

@ single in-line (SIL) construction for easy mounting 

separated preamplifier and power amplifier 

high output power 

thermal protection 

high input impedance 

low current drain 

limited noise behaviour at radio frequencies 


QUICK REFERENCE DATA 


Supply voltage range Vp 3,6 to 18 V 
Peak output current lom max. 2,5 A 
Output power at dio; = 10% 

Vp=12V; RL =4Q Po typ. 4,2 W 

Vp= 9V;R_ =4Q2 Po typ. 2,3 W 

Vp= 6V;R_ =4Q Po typ. 1,0 W 
Total harmonic distortion at Pp = 1W; RL =4Q | dtot typ. 0,3 % 
Input impedance 

preamplifier (pin 8) |Z;| > 100 kQ 

power amplifier (pin 6) | Z;| typ. 20 kQ 
Total quiescent current 7 tot typ. 14 mA 
Operating ambient temperature Tamb —25 to+ 150 OC 
Storage temperature | Tstg —55 to+ 150 °C 
PACKAGE OUTLINE 


9-lead SIL; plastic (SOT-110B). 
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Fig. 1 Circuit diagram. 


|o| 


JOWI|dwiy OIPNY MP O}L 


SLOLVCL 


SJONPOld JOEU!] SOOUBIS 


UuONWDoyIOeds JoNPOld 


Signetics Linear Products Product Specification 


1to 4W Audio Amplifier | ~ TDA1015 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage Vp max. 18 ~«V 
Peak output current lom max. 2,5 A 
Total power dissipation — see derating curve Fig. 2 
Storage temperature Tstg —55 to+ 150 °C 
Operating ambient temperature | Tamb —25 to + 150 °C 
A.C. short-circuit duration of load 
during sine-wave drive; Vp = 12 V tse max. 100 hours 
75 7Z78628.2 
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Fig. 2 Power derating curve. 


HEATSINK DESIGN 
Assume Vp = 12 V; Ry = 42; Tamb = 45 OC maximum. 
The maximum sine-wave dissipation is 1,8 W. 


150-45 _ po, 
Rthj-a = Rthj-tab + Rthtab-h + Rthha=—7Q = 98 KW. 


Where Rep j-a of the package is 45 K/W, so no external heatsink is required. 
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4to 4W Audio Amplifier TDA‘1015 


D.C. CHARACTERISTICS 


Supply voltage range Vp 3,6 to 18 V 

Repetitive peak output current lonRm < 2A 
typ. 14 mA 

Total quiescent current at Vp = 12 V tot c 25 mA 


A.C. CHARACTERISTICS 
Tamb = 25 °C; Vp = 12 V; Ru = 4; f = 1 kHz unless otherwise specified; see also Fig. 3. 


A.F. output power at dtoz = 10% (note 1) 
with bootstrap: 


Vp=12V; Rp =4Q Po typ. 4,2 W 

Vp= 9V;R_ =42 Po typ. 2,3 W 

Vp= 6V;R_ =4Q Po typ. 1,0 W 

without bootstrap: 

Vp=12V; Rp =42 Po typ. 3,0 W 
Voltage gain: 

preamplifier (note 2) Gy typ. 23 dB 

power amplifier Gy2 typ. 29 dB 

a typ. 52 dB 
total amplifier Gy tot 49 to 55 dB 
re ; = typ. 0,3 % 

Total harmonic distortion at Pp = 1,5 W dtot c 10 % 
Frequency response; —3 dB (note 3) B 60 Hzto 15 kHz 
Input impedance: > 100 kQ 

preamplifier (note 4) | Zi 4 | typ. 200 kQ 

power amplifier | Zj2 | typ. 20 kQ2 
Output impedance preamplifier | Zo1| typ. 1 kQ 
Output voltage preamplifier (r.m.s. value) 

dtot < 1% (note 2) Vo(rms) typ. 90,8 V 
Noise output voltage (r.m.s. value; note 5) 

Rs =0 Vin(rms) typ. 9,2 mV 

Rs = 10 kQ Vn(rms) typ. 9,5 mV 
Noise output voltage at f = 500 kHz (r.m.s. value) 

B=5 kHz; Rg =0Q Vinirms) tYP- 8 uV 
Ripple rejection (note 6) 

f = 100 Hz RR typ. 38 dB 
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Notes 
1. Measured with an ideal coupling capacitor to the speaker load. 
2. Measured with a load resistor of 20 kQ2. 


3. Measured at P, = 1 W; the frequency response is mainly determined by C1 and C3 for the low 
frequencies and by C4 for the high frequencies. 


4. Independent of load impedance of preamplifier. 
5. Unweighted r.m.s. noise voltage measured at a bandwidth of 60 Hz to 15 kHz (12 dB/octave). 


6. Ripple rejection measured with a source impedance between 0 and 2 kQ. (maximum ripple 
amplitude : 2 V). 


7.The tab must be electrically floating or connected to the substrate (pin 9). 
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VP 
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Fig. 3 Test circuit. 
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APPLICATION INFORMATION 
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Fig. 5 Total quiescent current as a function of supply voltage. 
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Fig. 6 Total harmonic distortion as a function of output power across R, ; with bootstrap; 
— — — without bootstrap; f = 1 kHz; typical values. The available output power is 5% higher when 
measured at pin 2 (due to series resistance of C10). 
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Fig. 7 Output owieite across R,_ as a function of supply voltage with bootstrap; dtot = 10%; typical 
values. The available output power is 5% higher when measured at pin 2 (due to series resistance of C10). 


September 1985 6-30 


Signetics Linear Products Product Specification 


4to 4W Audio Amplifier TDA1015 


Ses SSSARRRERE 
a sy Se sy Se Ne 


ne CE RRERRRR SERRE RE SES 


7 
ee a ee ee Bn aa 
ee ee A aa Sa) Oa ah a A 2 ee 
ees a EE eA eee ae a eae 
es as EE Makes ae eS ae eS ae 
Coe fe ai Cre Ge Oa 2 a Ve ee I 
es ee Be came OS a a OG 
fae Se REG ADEE ee ee ee ee ee 
ee ans oe SAE (ee) SE 5 Rm ate a aT ce 
fee ee HTH tt typ + + ant ae a 
ot ee ae ea (ae Oa ee 
ae ee eee ee le te ed ee 
hae ae Se See Rati rae ee): Sees 
as a ae ie el) a a eee ee aes 
eee ee Da ee Paella el ei re esas e 
ae ee EP Ai Cea FSS ae Oe a es a oe HS ee 
meer ee lian a OA Pee Fe a HG RS SO, 
ae ae Rest haath ew IeeE 
ae ae me eee Maa arate ae Ses 
ae es ee A ae ae hs ee ee ee ee ee Se RE) 

Py, comes ea Cee se I ee or Nal 
ee es eee RAE LEl ee ee ee ee el ae a Sees 
Ae eesti eae ae eel eae ee eee 
a oe ees me ee ee a el ee a 
a ee Ea Pei a eee ee a ae mae oe 
ee ae ee Poe ee ee es ec Le 
ee es (ia ES Ha) ee Lr 2 OC GO 
an ae AEE Reet Re ee Ae el eee ee ee aR 
ae ee ae a nS ee ee ee EE a ee a 
ee ee a LaLa) ees Sees ee eee Saal 

sop ise iat (sa (GG HN CR ea He OE 8 
10 102 103 104 f (Hz) 10° 


Fig. 8 Voltage gain as a function of frequency; Po relative toO dB =1W;Vp=12V;R, =4Q. 
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Fig. 9 Total harmonic distortion as a function of frequency; Pp = 1W; Vp = 12 V; Ry = 42. 
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Fig. 10 Ripple rejection as a function of R2 (see Fig. 4); 


3 HRn/22 BESRES 
3 Aa? £e RRRERE 
: foal eat COTA 
CCC AAR ER ARERR EERE ces eee 
aaah EEEEEEEEEeCE ALCL 


EEA AIT 
POUETTORTTTRTTTAP ATTY TONE 


LLIN 


BEST REEAR? ARERR REE RERT SERRE 
RE REREREP AERRERERERE ES RRERRRER 


BESRRSER ARERR R RRR AE GRRE eAe 
PRREG RS PREC E SEAR a ORE 


TTT 
He WAL 


i Aa 
HUTT 


SATA 


© 


an 
40 
20 


ATH 
TTA TT 


102 


10 


R2 (kQ) 


Fig. " Noise output voltage as a function of R2 (see Fig. 4); measured according to A-curve; capacitor 


C5 is adapted for obtaining a constant bandwidth. 
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Fig. 12 Noise output voltage as a function of frequency; 


amplifier; B = 5 kHz; Rg = 0; typical values. 
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12W Audio Amplifier TDA1020 


The TDA1020 is a monolithic integrated 12 W audio amplifier in a 9-lead single in-line (SIL) plastic 
package. The device is primarily developed as a car radio amplifier. At a supply voltage of Vp = =14,4V, 
an output power of 7 W can be delivered into a 4 8 load and 12 Ww into 2 Q. 

To avoid interferences and car ignition signals coming from the supply lines into the IC, frequency 
limiting is used beyond the audio spectrum in the preamplifier and the power amplifier. 

The maximum supply voltage of 18 V makes the IC also suitable for mains-fed radio receivers, tape 
recorders or record players. However, if the supply voltage is increased above 18 V (< 45 V) , the 
device will not be damaged (load dump protected). Also a short-circuiting of the output to ground 
(a.c.) will not destroy the device. Thermal protection is built-in. As a special feature, the circuit has a 
low stand- -by current possibility. | 


The TDA1020 i is pin-to-pin compatible with the TDA1010. 


QUICK REFERENCE DATA 


Supply voltage range | Vp 6 to 18 


V 
Repetitive peak output current loRM < 4A 
hie aie arias ae (with bootstrap) ' > 10 W 
P= E oe typ. 12 W 
Vp=144V; RR, =4Q. Po typ. ‘7 OW 
Vp=14,4V;R_ =82 Po typ. 3,5 W 
Output power at dio, = 10% (without bootstrap) | 
Vp=14.4V; Ry =42 | Po > 45 WwW. 
Input impedance 
preamplifier (pin 8) |Z; | typ. 40 kQ 
power amplifier (pin 6) |Z; | typ. 40 kQ 
Total quiescent current at Vp = 14,4 V | ltot typ. 30 mA 
Stand-by current | Ish < 1 mA 
Storage temperature range oo Tstg —55 to+ 150 °C 
Crystal temperature Te max. 150 °C 


PACKAGE OUTLINE 
9-lead SIL; plastic (SOT-110B). 
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Signetics Linear Products Product Specification 


{42W Audio Amplifier TDA1020 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage; operating (pin 3) Vp max. 18 V 
Supply voltage; non-operating Vp max. 28 V 
Supply voltage; load dump Vp max. 45 Vv 
Non-repetitive peak output current losm max. 6 A 
Total power dissipation see derating curves Fig. 2 
Storage temperature range T stg —55 to+ 150 °C 
Crystal temperature Te max. 150 °C 
Short-circuit duration of load behind output electrolytic capacitor 
at 1 kHz sine-wave overdrive (10 dB); Vp = 14,4 V tsc max. 100 hours 
10 7284548.1 
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Fig. 2 Power derating curves. 


HEATSINK DESIGN EXAMPLE 
The derating of 8 K/W of the encapsulation requires the following external heatsink (for sine-wave 
drive): | 
10 W in2 QatVp=14,4V 
maximum sine-wave dissipation: 5,2 W 
Tamb = 60 °C maximum 
150 — 60 
Rthj-a = Rthj-tab + Rth tab-h + Rth h-a = 7? 17,3 K/W 


Since Rth j-tab + Rth tab-h = 8 K/W, Rth h-a~ 17,3 —-82~9 KW. 
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D.C. CHARACTERISTICS 
Supply voltage range (pin 3) 
Repetitive peak output current 


Total quiescent current 
at Vp = 14,4 V 
at Vp = 18 V 


A.C. CHARACTERISTICS 


Vp 
lORM 


ltot 
tot 


Product Specification 
TDA‘1020 
6 to 18 V 
< 4A 
typ. 30 mA 
typ. 40 mA 


Tamb = 25 OC; Vp = 14,4 V; Ru = 4 Q; f = 1 kHz; unless otherwise specified; see also Fig. 3 


Output power at dro¢ = 10%; with bootstrap (note 1) 
Vp=14,4V;R_=22 


Vp=14,4V; Ry, =42 


Vp=14,4V;R, =82 


Output power at dtoz = 1%; with bootstrap (note 1) 
Vp=14,4V; RR, =2Q 


Vp=14,4V; Rp =4Q2 
Vp=14,4V;R,_ =82 


Output voltage (r.m.s. value) 
Ri = 1 kQ; dtot = 0,5% 


Output power at dtoz = 10%; without bootstrap 


Voltage gain 
preamplifier (note 2) 


power amplifier 


total amplifier 


Input impedance 
preamplifier 


power amplifier 


Output impedance 
preamplifier 


power amplifier 


Output voltage (r.m.s. value) at dyoz = 1% 
preamplifier (note 2) 


Frequency response 
Noise output voltage (r.m.s. value; note 3) 
Rs = 022 


Rs = 8,2 kQ 
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Vni(rms) 


Vin(rms) 


> 10 
typ. 12 
> 6 
typ. 7 
typ. 3,5 
typ. 9,5 
typ. 6 
typ. 3 
typ. 5 
> 45 
typ. 17,7 
16,7 to 18,7 
typ. 29,5 
28,5 to 30,5 
typ. 47 
46 2 to 48,2 
typ. 40 
28 to 52 

typ. 40 
28 to 52 

typ. 2,0 
1,4 to 2,6 
typ. 50 
Pa 1 
typ. 1,5 
50 Hz to 25 
typ. 0,3 
< 0,5 
typ. 0,5 
< 1,0 
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Ripple rejection (note 4) 


at f = 100 Hz; C2 =1 pF RR typ. 44 dB 

- = 48 dB 

at f = 1 kHz to 10 kHz RR ‘a. 54 dB 
Bootstrap current at onset of clipping (pin 4) 

RE =4Qand22 l4 typ. 40 mA 
Stand-by current (note 5) Isb < 1 mA 
Crystal temperature for —3 dB gain Te > 150 °C 
Notes 


1. Measured with an ideal coupling capacitor to the speaker load. 

2. Measured with a load resistor of 40 kQQ. 

3. Measured according to IEC curve-A. 

4, Maximum ripple amplitude is 2 V; input is short-circuited. 

5. Total current when disconnecting pin 5 or short-circuited to ground (pin 9). 
6. The tab must be electrically floating or connected to the substrate (pin 9). 


4 4 
4 
C2 ote Tsai C5 L ripple voltage 
R1 330kQ2 
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100 nF 
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(1) With Ry = 2 &, preferred value of C8 = 2200 uF. 


Fig. 3 Test circuit. 
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2 x 12W Audio Amplifier TDA1510 


The TDA1510 is a monolithic integrated class-B output amplifier in a 13-lead single in-line (SIL) plastic 
power package. The device is primarily developed for car radio applications, and also to drive low- 
impedance loads (down to 1,6 02). At asupply voltage Vp = 14,4 V, an output power of 24 W can be 
delivered into a 4 {2 BTL (Bridge Tied Load), or, when used as stereo amplifier, it delivers 2 x 12 W 
into 2 820r2x 7 W into 4 Q. 

Special features are: 


@ flexibility in use — stereo as well as @ internal limited bandwidth for high 
mono BTL frequencies 

@® high output power @ low stand-by current possibility, 

® low offset voltage at the output to simplify required switches 
(important for BTL) @ low number and small sized external 

@ large useable gain variation components 

@® very good ripple rejection @ high reliability 

® load dump protection 

@ a.c. short-circuit safe to ground 

® thermal protection 


QUICK REFERENCE DATA 


Supply voltage range (operating) Vp 6to18 V 
Supply voltage (non-operating) Vp max. 28 V 
Supply voltage (non-operating; load dump protection) Vp max. 45 V 
Repetitive peak output current lORM max. 4A 
Total quiescent current tot typ. 75 mA 
Stand-by current Isb < 2 mA 
Switch-on current loo typ. 0,35 mA 
Input impedance | Z; | > 1 MQ 
Storage temperature range T stg —55 to+ 150 °C 
Crystal temperature Te max. 150 9C 


Bridge tied load application (BTL) 
Output power at R, = 4 Q (with bootstrap) 

Ctot = 0,5% 

dtot = 10% 
Supply voltage ripple rejection; Rg = 0; f = 1 kHz 
D.C. output offset voltage between the outputs 
Stereo application 


Output power at doz = 10% (with bootstrap) 


Rp =42 
Rp =2Q 
Output power at dot = 0,5% (with bootstrap) 
Rp =4Q 
Ry =22 


Channel separation 
Noise output voltage; Rg = 10 k&2; according to IEC curve-A 


PACKAGE OUTLINE 
13-lead SIL; plastic power (SOT-141B). 
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2 x 12W Audio Amplifier | TDA1510 


BUMP | soar | THERMAL 
pRoT, | PROT. |SHUT DOWN 


5 9 7Z86843 


Fig. 1 Internal block diagram; the heavy lines indicate the signal paths. 
Pin 4 is internally connected. 
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2 x 12W Audio Amplifier TDA1510 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage; operating (pin 10) Vp max. 18 V 
Supply voltage; non-operating Vp max. 28 V 
Supply voltage; during 50 ms (load dump protection) Vp max. 45 V 
Peak output current lom max. 6A 
Total power dissipation see derating curve Fig. 2 
Storage temperature range Tstg —55 to+ 150 °C 
Crystal temperature Te max. 150 °C 


7286577.1 
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Fig. 2 Power derating curves. 


HEATSINK DESIGN EXAMPLE | 
The derating of 3 K/W of the encapsulation requires the following external heatsink (for sine-wave 
drive): 
24 W BTL (42) or 2x 12 W stereo (2 22) 
maximum sine-wave dissipation: 12 W 
Tamb = 65 °C maximum 


O— 
Rth nat —- 3=4K/W. 


2x 7 Wstereo (4 22) 
maximum sine-wave dissipation: 6 W 
Tamb = 65 °C maximum 


ae a ~3=11KM. 
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2 x 12W Audio Amplifier TDA(510 


D.C. CHARACTERISTICS 


Supply voltage range (pin 10) Vp 6to18 V 
Repetitive peak output current lOoRM < 4A 
Total quiescent current | | leas oe a ii 
Stand-by current Isb < 2 mA 
Switch-on saent (pin 11) at Vz4 SV 409 (note 1) Iso ae oe die 


A.C, CHARACTERISTICS 
Taint = 25 °C; Vp = 14,4 V; f = 1 kHz; unless otherwise specified 


Bridge tied load application (BTL); see Fig. 3 
Output power at Ry = 4 Q (with bootstrap) 


ae: “ ae > 15,5 W 
= . = 0 ’ 
Vp = 14,4 V; deot = 0,5% Py oe ann 
a ee > 20 W 
== . = to} : 
Vp = 14,4 V; dtot 10% Po cap: 24 W 
Vp = 13,2 V; deot = 0,5% Py typ. 15 W 
Vp = 13,2 V; dtot = 10% i Py typ. 20 W 
Open loop voltage gain Go typ. 75 dB 
Closed loop voltage gain (note 2) Ge typ. 40 (+0,5) dB 
Frequency response at —3 dB (note 3) B 20 Hztomin. 20 kHz 
Input impedance (note 4) IZ; > 1 MQ 
Noise output voltage (r.m.s. value) at f = 20 Hz to 20 kHz 
Rs =0Q Vn(rms) typ. 0,2 mV 
i + typ. 0,35 mV 
Rs = 10 kQ Vn(rms) < 0,8 mV 
Rg = 10 kQ; according to 1EC 179 curve A Vn typ. 0,25 mV 
Supply voltage ripple rejection (note 5) 
f = 100 Hz RR ‘d ee 
typ 50 dB 
D.C output offset weieae between the outputs |As.9| 50 mV 
-* : typ 2 mV 
Loudspeaker protection (if one of the 2 outputs 
is short-circuited to ground) 
maximum d.c. voltage (across the load) IAV5.9| < 1 Vv 
Power bandwidth; —1 dB; deot = 0,5% B 30 Hz to 40 kHz 
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2 x 12W Audio Amplifier TDA1510 


Stereo application; see Fig. 4 


Output power at do; = 10%; with bootstrap (note 6) > 6 W 
Vp=14,4V; RL =42 Po typ. 7 W 
Vp= 14,4 V;R, =22 Py aay 
Vp=13,2V;R, =4Q2 Po typ. 6 W 
Vp=13,2V; Rp =22 Py typ. 10 W 

Output power at dot = 0,5%; with bootstrap (note 6) 

Vp=14,4V;R, =4Q2 Po typ. 5,5 W 
Vp=14,4V; Ry, =22 Po typ. 9,0 W 
Vp=13,2V; Ry =4 Po typ. 4.5 W 
Vp=13,2V; Ry, =22 Po typ. 7,5 W 

Output power at dot = 10%; without bootstrap 
Vp = 14,4 V; Ry =4 Q (notes 6, 8 and 9) Po typ. 6 W 

Frequency response; —3 dB (note 3) B 40 Hztomin. 20 kHz 

Supply voltage ripple rejection (note 5) 
f=1kHz RR typ. 50 dB 

Channel separation; Rs = 10 kQ; f = 1 kHz a S ah i 

Closed loop voltage gain (note 7) Ge typ. 40 dB 

Noise output voltage (r.m.s. value) at f = 20 Hz to 20 kHz 
Rg =O Q2 Vi(rms) _ tYP: 0,15 mV 
Rs = 10 kQ Vin(rms) typ. 0,25 mV 
Rs = 10 kQ; according to IEC curve A Vn typ. 0,2 mV 

Notes 


1. If V44 > Vig, then 144 must be < 10 mA. 

2. Closed loop voltage gain can be chosen between 32 and 56 dB (BTL), and is determined by external . 
components. 

3. Frequency response externally fixed. | 

4. The input impedance in the test circuit (Fig. 3) is typ. 100 k&2. 

5. Supply voltage ripple rejection measured with a source impedance of 0 92 (maximum ripple amplitude: 
2V). 

6. Output power is measured directly at the output pins of the IC. 

7. Closed loop voltage gain can be chosen between 26 and 50 dB (stereo), and is determined by external <«— 
components. 

8. A resistor of 56 kQQ between pins 3 and 7 to reach symmetrical clipping. 

9. Without bootstrap the 100 uF capacitor between pins 5 and 6 (or 8 and 9) can be omitted. Pins 6, 8 
and 10 have to be interconnected. 
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2 X 42W Audio Amplifier TDA1510 


7Z89091.3 


2ko 4,7 uF 


Fig. 3 Test and application circuit bridge tied load (BTL). 
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Fig. 4 Test and application circuit stereo mode. 


(1) Belongs to power supply. 
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12 x 20W Audio Amplifier TDA1512 


The TDA1512 is a monolithic integrated hi-fi audio power amplifier designed for asymmetrical power 
supplies for mains-fed apparatus. 
Special features are: 


@ Thermal protection 

Low intermodulation distortion 

Low transient intermodulation distortion 
Built-in output current limiter 

Low input offset voltage 

Output stage with low cross-over distortion 
Single in-line (SIL) power package 


QUICK REFERENCE DATA 


Supply voltage range a OO Vp 15 to 35 V 
Total quiescent current at Vp = 25 V tot typ. 65 mA 


Output power at drot = 0,7% 
sine-wave power 


Vp=25V; Rp =42 Po typ. 13 W 

Vp=25V;R, =82 Po typ. 7 W 

music power 

Vp=32V; Ry =42 Po typ. 21 W 

Vp=32V; RL =82 Po typ. 12 W 
Closed-loop voltage gain (externally determined) Ge typ. 30 dB 
Input resistance (externally determined) Rj typ. 20 kQ2 
Signal-to-noise ratio at Pp = 50 mW S/N typ. 72 dB 
Supply voltage ripple rejection at f = 100 Hz RR typ. 50 dB 
PACKAGE OUTLINES 


TDA1512: 9-lead SIL; plastic power (SOT-131B). 
TDA1512Q: 9-lead SIL-bent-to-DI L; plastic power (SOT-157B). 
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Fig. 1 Simplified internal circuit diagram. 
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42 x 20W Audio Amplifier TDA1512 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (1EC 134) 

Supply voltage Vp max. 35 V 
Repetitive peak output current loRmM max. 3,2 A 
Non-repetitive peak output current losmM max. 5A 
Total power dissipation see derating curve Fig. 2 

Storage temperature T stg —55 to+ 150 °C 
Operating ambient temperature Tamb —25 to + 150 °C 


A.C. short-circuit duration of load 
during full-load sine-wave drive 
Riu = 0; Vp= 30 V with Rj = 4 22 tsc max. 100 hours 


20 7Z85152 


—25 0 50 100 Ton (°C) 160 


mounted on infinite heatsink. 
—-— —- mounted on heatsink of 6 K/W. 


Fig. 2 Power derating curves. 


THERMAL RESISTANCE 
From junction to mounting base Rth j-mb < 4 K/W 
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42 x 20W Audio Amplifier : TDA1512 


D.C. CHARACTERISTICS | 
Supply voltage range Vp 15 to 35 V 
Total quiescent current at Vp = 25 V ltot typ. 65 mA 


A.C. CHARACTERISTICS 
Vp= 25 V; Ry =49;f=1 kHz; Tamb = 25 OC; measured in test circuit of Fig. 3; unless otherwise 


specified 
Output power 

sine-wave power at dtot= 0,7 % 

Rp =4QQ Po typ. 13 W 

RE =8Q Po typ. 7 W 

music power at Vp = 32 V : 

RL = 42) dtot = 0,7 % Pe typ. 21 W 

Ru =4Q; dtot = 10 % Po typ. 25 W 

Ri = 8 2; dot = 0,7 % Po typ. 12 W 

Ry = 8 Qi; dept = 10 % Po typ. 15 WwW 
Power bandwidth; —1,5 dB; dyo¢ = 0,7% B 40 Hz to 16 kHz 
Voltage gain | 

open-loop Go typ. 74 dB 

closed-loop Ge typ. 30 dB 
Input resistance (pin 1) Rj > 100 kQ 
Input resistance of test circuit (Fig. 3) Rj typ. 20 kQ 
Input sensitivity 

for Po = 50 mW Vj typ. 16 mV 

for Pp = 10 W Vj typ. 210 mV 
Signal-to-noise ratio | 

at P, = 50 mW; Rs = 2 kQQ; 

f = 20 Hz to 20 kHz; unweighted S/N > 68 dB 

weighted; measured according to 

IEC 173 (A-curve) S/N typ. 76 dB 
Ripple rejection at f = 100 Hz | RR typ. 50 dB 
Total harmonic distortion at P, = 10 W d typ. 0,1 % 

2 — < 0,3 % 

Output resistance (pin 5) Ro typ. 0,1 2 
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42 x 20W Audio Amplifier TD A1512 


7285153.1 
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Fig. 4 Output power as a function of the supply voltage; f = 1 kHz; 
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Fig. 5 Total harmonic distortion as a function of the output power. 
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24W BIL Audio Amplifier TDA1515 


The TDA1515 is a monolithic integrated class-B output amplifier in a 13-lead single in-line (SIL) plastic 
power package. The device is primarily developed for car radio applications, and also to drive low- 
impedance loads (down to 1.6 22). At a supply voltage Vp = 14,4 V, an output power of 21 Wcan be 
delivered into a 4 Q BTL (Bridge Tied Load), or, when used as stereo amplifier, it delivers 2 x 11 W 
into 2 Qor 2 x 6.5 W into 4 Q. 

Special features are: 


@ flexibility in use — mono BTL @ internal limited bandwidth for high frequencies 
as well as stereo @ low stand-by current possibility (typ. 1 uA), to 

@ high output power simplify required switches; TTL drive possible 

@ low offset voltage at the output @ low number and small sized external 
(important for BTL) components 

@ large usable gain variation @ high reliability 


@ very good ripple rejection 


The following currently required protections are incorporated in the circuit. These protections also 
have positive influence on reliability in the applications. 


@ load dump protection ®@ speaker protection in bridge configuration 
@ a.c. and d.c. short-circuit safe to ®@ SOAR protection 

ground up to Vp = 18 V @ outputs short-circuit safe to ground in BTL 
@ thermal protection @ reverse polarity safe 


QUICK REFERENCE DATA 


Supply voltage range (operating) 

Supply voltage (non-operating) 

Supply voltage (non-operating; load dump protection) 
Repetitive peak output current 

Total quiescent current 

Stand-by current 

Switch-on current 

Input impedance 


Bridge tied load application (BTL) 


Output power at R,_ = 4 2 (with bootstrap) 

dtot = 0.5% 

dtot = 10% 
Supply voltage ripple rejection; Rg = 0 2; f = 100 Hz 
D.C. output offset voltage between the outputs 
Stereo application 


Output power at deo¢ = 10% (with bootstrap) 


Rp =4Q 
RE =22 
Output power at dyoz = 0.5% (with bootstrap) 
Rp =4Q 
Rp =2Q 


Channel separation 
Noise output voltage; Rg = 10 kQQ; according to IEC curve-A 


PACKAGE OUTLINE 13-lead SIL; plastic power (SOT-141B). 
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24W BTL Audio Amplifier — TDA1515 
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| THERMAL 
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LOUD- 
SPEAKER 
PROT. 


5 4 9 7289090.1 


Fig. 1 Internal block diagram; the heavy lines indicate the signal paths. 
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24W BTL Audio Amplifier TDA1515 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage; operating (pin 10) Vp max. 18 V 
Supply voltage; non-operating Vp max. 28 V 
Supply voltage; during 50 ms (load dump protection) Vp max. 45 V 
Peak output current lOM max. 6 A 
Total power dissipation ~~ see derating curve Fig. 2 
Storage temperature range Tstg —55to +150 °C 
Crystal temperature Te max. 150 °C 
A.C. and d.c. short-circuit safe voltage max. 18 V 
Reverse polarity max. 10 V 

20 7286577 
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Fig. 2 Power derating curves. 


HEATSINK DESIGN EXAMPLE 
The derating of 3 K/W of the encapsulation requires the following external heatsink (for sine-wave 
drive): 
21W BTL (4Q) or 2 x 11 W stereo (2 Q) 
maximum sine-wave dissipation: 12 W 
Tamb = 65 °C maximum 
Rthh-a maa 3=4K/W. 
12 
2 x 6.5 W stereo (4 £2) 
maximum sine-wave dissipation: 6 W 
Tamb = 65 °C maximum 
150—65 


Rthh-a = —3=11K/W. 
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24W BIL Audio Amplifier TDA1915 


D.C. CHARACTERISTICS 


Supply voltage range (pin 10) Vp 6to 18 V 

Repetitive peak output current lORM < 4A 
Total quiescent current ltot typ. 75 mA 

Switching level 11: OFF V11 < 1.8 V 

ON V141 > 3 V 

Impedance between pins 10 and 6; 10 and 8 
(stand-by position Vz1 < 1.8 V) IZorFl => 100 k&2 
E typ 1 pA 
Stand-by current at V11 =0 to 0.8 V Ish c 200 pA 
; typ 10 wA 
- < 

Switch-on current (pin 11) at V74<V 49 (note 1) Iso 2 100 pA 


A.C. CHARACTERISTICS 
Tamb = 25 °C; Vp = 14.4 V; f = 1 kHz; unless otherwise specified 


Bridge tied load application (BTL); see Fig. 3 
Output power at R,; = 4 Q (with bootstrap) > 


Vp = 14.4 V; dtot = 0.5% Po typ. rae v4 
Vp = 14.4 Vi dot = 10% Po os, aa 
Vp = 13.2 V; dot = 0.5% Po typ. 14 W 
Vp = 13.2 V; diot = 10% Po typ. 18 W 
Open loop voltage gain Go typ. 75 dB 
Closed loop voltage gain (note 2) Ge typ. 40 (+ 0.5) dB 
Frequency response at —3 dB (note 3) B 20 Hz to min. 20 kHz 
Input impedance (note 4) IZ; > 1 MQ 
Noise input voltage (r.m.s. value) at f = 20 Hz to 20 kHz 
Rs =OQ2 Vi(rms) typ. 0.2 mV 
Rg = 10 kQ a a ne ny 
Rs = 10 kQ; according to IEC 179 curve A Vn typ. 0.25 mV 
a le ripple rejection (note 5) ide > 42 dB 
typ 50 dB 
D.C. output offset voltage between the outputs IAV59l < 50 mV 
Loudspeaker protection typ. 2 mV 
(all conditions) | 
maximum d.c. voltage (across the load) IAV59| < 1V 
Power bandwidth; —1 dB; dtoz = 0.5% B 30 Hz to 30 kHz 
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24W BIL Audio Amplifier TDA‘1515 


Stereo application; see Fig. 4 
Output power at dtp; = 10%; with bootstrap (note 6) 


Vp=14.4V;R, =4Q Po on ae . 

Vp=14.4V;R, =22 Po am ay 

Vp=13.2V;R,_ =4Q Po typ. 6 W 

Vp=13.2V;R_=22 Po typ. 10 W 
Output power at dtoz = 0.5%; with bootstrap (note 6) 

Vp = 14.4V;R, =42 Po typ. 5 W 

Vp=14.4V; RR, =2Q Po typ. 8 W 

Vp=13.2V;R, =42 Po typ. 4.5 W 

Vp=13.2V; Rp =22 Po typ. 7.5 W 
Output power at doz = 10%; without bootstrap 

Vp=14.4V; Ry = 4Q (notes 6, 8 and 9) Po typ. 5.5 W 
Frequency response at —3 dB (note 3) B 40 Hz tomin. 20 kHz 
Supply voltage ripple rejection (note 5) RR typ. 50 dB 
Channel separation; Rs = 10 kQ; f = 1 kHz a — ce 
Closed loop voltage gain (note 7) Geo typ. 40 dB 
Noise output voltage (r.m.s. value) at f = 20 Hz to 20 kHz 

Rs =02 Vn(rms) _ tyP- 0.15 mV 

Rs = 10 kQ Viirms) _ tyP. 0.25 mV 

Rs = 10 k&2; according to IEC curve A Vi typ. 0.2 mV 
Notes 
1. The internal circuit impedance at pin 11 is > 5 kQ if Vz4> Vio. 


2. Closed loop voltage gain can be chosen between 32 and 56 dB (BTL), and is determined by external 
components. 

3. Frequency response externally fixed. 

4. The input impedance in the test circuit (Fig. 3) is typ. 100 kQ.. 

5. Supply voltage ripple rejection measured with a source impedance of 0 (2 Cerin: ripple amplitude: 
2V). 

6. Output power is measured directly at the output pins of the IC. 

7. Closed loop voltage gain can be chosen between 26 and 50 dB (stereo), and is determined by external 
components. 

8. A resistor of 56 k{2 between pins 3 and 7 to reach symmetrical clipping. 

9, Without bootstrap the 100 uF capacitor between pins 5 and 6 (8 and 9) can be omitted. Pins 6, 8 and 
10 have to be interconnected. 
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100K 100K 


47 uF stand-by switch 


7Z286575.3 


2K 4.7 uF 


Fig. 3 Test/application circuit bridge tied load (BTL). 
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Fig. 4 Test/application circuit stereo. 


1. Belongs to power supply. 
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20W Hi-Fi Audio Amplifier 


GENERAL DESCRIPTION 


Product Specification 


TDA1520A 


The TDA1520A is a monolithic integrated hi-fi audio power amplifier designed for asymmetrical or 


symmetrical power supplies for mains-fed apparatus. 


Features 


Low input offset voltage 

Output stage with low cross-over distortion 
Single in-line (S!L) power package 

A.C. short-circuit protected 

Very low internal thermal resistance 

Thermal protection 

Very low intermodulation distortion 

Very low transient intermodulation distortion 
Complete SOAR protection 


QUICK REFERENCE DATA 


Supply voltage range 
Total quiescent current at Vp = 33 V 


Output power at dio; = 0.5% 

sine-wave power 

Vp=33 V; Ry =4Q 

Vp=33 V;R_ =42 

Vp=42V;R, =8 Q | 
Closed-loop voltage gain (externally determined) 
Input resistance (externally determined by Rg_7) 
Signal-to-noise ratio at Py = 50 mW 


Supply voltage ripple rejection at f = 100 Hz 


PACKAGE OUTLINE 


TDA1520A_: 9-lead SIL; plastic power (SOT-131A). 
TDA1520AQ: 9-lead SIL-bent-to-D1IL; plastic power (SOT-157A). 
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15 to 50 V 
typ. 70 mA 
typ. 22 W 
> 20 W 
typ. 20 W 
typ. 30 dB 
typ. 20 kQ2 
typ. 76 dB 
typ. 60 dB 
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20W Hi-Fi Audio Amplifier TDA1520A 


TDA1520A 


SOAR 
PROTECTION ee 


SOAR 
PROTECTION 


7291174 


Fig. 1 Simplified internal circuit diagram. 


PINNING 


. Non-inverting input 

. Input ground (substrate) 

. Compensation 

. Negative supply (ground) 

. Output 

. Positive supply (Vp) 

. Not connected 

. Ripple rejection 

. Inverting input 
(feedback) 


Oman onarhWwhd — 
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20W Hi-Fi Audio Amplifier TDA1520A 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage Vp max. 50 V 
Repetitive peak output current IORM max. 4A 
Non-repetitive peak output current lOSM max. 5 A 
Total power dissipation see derating curve Fig. 2 
Storage temperature Tstg —55 to+ 150 9C 
Operating ambient temperature Tamb —20to+ 150 °C 


Duration of a.c. short-circuit of load (Ry = 0 22) 
during full-load sine-wave drive at: 
Vs = + 20 V (symmetrical) and Reupply = 0 ©; or 
Vs = 35 V (asymmetrical) and Reunply =4 2 tse max. 100 hours 


pet 
pe NS 


0 
-25 O 50 100 150 
Tab. eC) 


mounted on infinite heatsink. 
— — —mounted on heatsink of 2.3 K/W. 


Fig. 2 Power derating curves. 


THERMAL RESISTANCE 
From junction to mounting base Rth j-mb < 2 K/W 
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20W Hi-Fi Audio Amplifier | TDA1520A 


D.C. CHARACTERISTICS 


Supply voltage range Vp 15 to 50 V 

: 70 mA 
Total quiescent current at Vp = 33 V tot oh 105 bs A 
Minimum guaranteed output current (peak value) loRmM 2 3.2 A 


A.C. CHARACTERISTICS 


Vp=33 V; Ry =40; f= 1 KHZ; Tamp = 25 OC; measured in test circuit of Fig. 3; unless otherwise 
specified 


Output power 
sine-wave power at dtoz = 0.5% 


RE =4Q Po typ. 22 W 

Rp =4Q (Fig. 4) Po > 20 W 

RE =82;Vp=42V - , Po typ. 20 W 
Power bandwidth at dio = 0.5% from P, = 50 mW to 10 W B 20 Hz to 20 kHz 
Voltage gain 

open-loop Go typ. 74 dB 

closed-loop Go typ. 30 dB 
Internal resistance of pin 1 (at R4.g = °%) Rj > 1 MQ 
Input resistance of test circuit at pin 1 (Fig. 3) Rj typ. 20 k&Q2 


Input sensitivity 
for Po = 16 W Vj typ. 260 mV 
Signal-to-noise ratio 


f = 20 Hz to 20 kHz; unweighted S/N typ. 76 dB 

weighted; measured according to 

[EC 179 (A-curve) S/N typ. 80 dB 
Ripple rejection at f = 100 Hz; Rg =0 2 RR typ. 60 dB 
Total harmonic distortion at P, = 16 W dot typ. 0.01 % 
Output resistance (pin 5) Ro typ. 0.01 Q 
Input offset voltage V5.8 a ‘an uy 
Transient intermodulation distortion 

at P95 = 10 W dtim _ typ. 0.01 % 
Intermodulation distortion at Pp = 10 W dim typ. 0.01 % 
Slew rate SR typ. 9 V/us 
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APPLICATION INFORMATION 
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Fig. 4 Output power (P,) versus supply voltage (Vp) at f = 1 KHZ, doz = 0.5%, Gy = 30 dB 
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20W Hi-Fi Audio Amplifier TDA1520A 
APPLICATION INFORMATION (continued) 
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Fig. 5 Total harmonic distortion (dyo¢) versus output power (Po) at Vp = 33 V, Ry = 4 &, f = 1 kHz. 
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Fig. 6 Total harmonic distortion (dyo¢) versus operating frequency (f) at Vp = 33 V, RL = 4 &, 
Po = 10 W (constant). 
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5W Audio Output for TV TDA2611A 


The TDA2611A is a monolithic integrated circuit in a 9-lead single in-line (SIL) plastic package with a 
high supply voltage audio amplifier. Special features are: 


possibility for increasing the input impedance 

single in-line (SIL) construction for easy mounting 

very suitable for application in mains-fed apparatus 

extremely low number of external components 

thermal protection 

well defined open loop gain circuitry with simple quiescent current setting and fixed integrated 
closed loop gain 


QUICK REFERENCE DATA 


Supply voltage range Vp 6 to 35 V 
Repetitive peak output current lORM < 15 A 
Output power at dios = 10% 

Vp=18V;R,_= 8 Po typ. 45 W 

Vp = 25 V; Ry = 15 2 Po typ. 5 W 
Total harmonic distortion at Pp < 2 W; Ry =8 22 dtot typ. 0,3 % 
Input impedance | Zi typ. 45 kQ 
Total quiescent current at Vp = 18 V ltot typ. 25 mA 
Sensitivity for Pp = 2,5 W; Ry =8 Q Vi typ. 55 mV 
Operating ambient temperature Tamb —25 to+ 150 °C 
Storage temperature Tstg —55 to+ 150 °C 


PACKAGE OUTLINE 
9-lead SIL; plastic (SOT-110B). 
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Fig. 1 Circuit diagram; pin 3 not connected. 
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Signetics Linear Products 
5W Audio Output for TV 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage Vp 
Non-repetitive peak output current lOSM 
Repetitive peak output current lORM 
Total power dissipation 
Storage temperature T stg 
Operating ambient temperature Tamb 
7Z76428.1 
8 


Cielietes sian HS hee 
~~ eo 


rHPHEPET PHELAN 


Fig. 2 Power derating curves. 


HEATSINK EXAMPLE 


Assume Vp = 18 V; Ry = 8 2; Tamb = 60 OC maximum; Tj = 150 °C (max. for a 4 W application into 
an 8 &2 load, the maximum dissipation is about 2,2 W). 
The thermal resistance from junction to ambient can be expressed as: 


150-60 _ 


Rthj-a = Rthj-tab + Rthtab-h + Rthha = 35 = 41 KW. 


LIEV TTT yt Pee 


Product Specification 


TDA26M1A 
max. 35 V 
max. 3 A 
max. 15 A 


see derating curves Fig. 2 


—55 to + 150 °C 
—25 to + 150 OC 


Since Rth j-tab = 11 K/W and Rth tab-h = 1 K/W, Reh h-a = 41 —(11 + 1) = 29 K/W. 
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5W Audio Output for TV — TDA2611A 


D.C. CHARACTERISTICS 


Supply voltage range Vp 6 to 35 V 
Repetitive peak output current lonm < 15 A 
Total quiescent current at Vp = 18 V ltot typ. 25 mA 


A.C. CHARACTERISTICS 
Tamb = 25 °C; Vp = 18 V; Ry =8 Q; f = 1 kHz unless otherwise specified; see also Fig. 3 
A.F. output power at dot = 10% 


ss a 2 4.W 
Vp= 18V;R, = 8Q Po typ. 45 W 
Vp= 12V; Rp = 8Q Po typ. 1,7 W 
Vp=8,3V;R, = 8Q Po typ. 0,65 W 
Vp= 20V;R,L= 82 Po typ. Ww 
Vp= 25V;R, = 15 & Po typ. 5 W 
0 
Total harmonic distortion at Pp = 2 W dtot of ae : 
Frequency response > 15 kHz 
Input impedance IZ; | typ. 45 kQ* 
j = ‘R= typ. 0,2 mV 
Noise output voltage at Rg = 5 k&2; B = 60 Hz to 15 kHz Vi < 0,5 mV 
Sensitivity for Py = 2,5 W Vj mye: ree = iy 
0,1 uF C1 
: O + 
C5 
i 0,1 uF 
‘7 
+} C4 
== 470uF Vp 
(16 V) 
O — 
7Z76437.1 


Fig. 3 Test circuit; pin 3 not connected. 


* Input impedance can be increased by applying C and R between pins 5 and 9 (see also Figures 6 and 7). 
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Fig. 4 Total harmonic distortion as a 
function of output power. 
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Fig. 5 Output power as a function of 


supply voltage. 
7277976 


3 
ae BE ew Eh s) e  SEl eee ee e e ee 
pee EE Bl ee ee ee eee ee Ell eee Se 
aaa ee a Sa a Fe | ee ee ee i ee 
Zj Pot ey ee HE EEE 
ae ae ee re a ae ae ee a ee 
(MQ) PH tt 
Be See Oth eee ee we Roll) ee ee ee Reel er ee ee RE 
era Faas a (0) Hs 0 a a a a a ee RE 
ee a Ee eee a ee ee el ee ee ee 
ee A EE a ee a a a ee a ee 
are ee a ee ee ee ee 
[Sse Rey ME OS 2 Cr OO FANN TF FQ Ha Da” Sl Te PD 
ae BS Re eee ee eee A ee ee Be 
a ae ee a ee a ell a ee ee ee, ee ee ee 
a ee ee ee ee er eee, Sa eRe 
a a ee ee ee eee ee 
a ee Eee ee ee a eee Elle ee ee ee 
Pe Pees) a a ae eS eee 
ar ae A ) ee a 8 eee Eel a ee 
7 aa ae a ext Ny A Es WD 
ee Pee es eS ee ee ee a a el a ae ee 
p+} ttt fA tt tt gf 
ees aa a Pa 2 ee ae 
(eae ae i a 5 ee a a ea ee 
eesaameah ae Fae WU ae, a ol 
ee es ee ee ee ee ee Ee eel 
ee es Se ee or eee ee ee a 
eae a Fk a 0 eee a a ee 
aes ee Dae i | ee ee ee a eel eee ee Rea 
0 (maa See ON ie 0 eed a Ga OG SS Oa 
10 102 103 104 f (Hz) 10° 


Fig. 6 Input impedance as a function of frequency; curve a for C = 1 wF, R = 0 2; curve b for 
C=1yF, R=1kQ; circuit of Fig. 3; C2 = 10 pF; typical values. 
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Fig. 10 Ceramic pickup amplifier circuit. 
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Fig. 11 Total harmonic distortion as a function of output power; —— with tone control; 


——— without tone control; in circuit of Fig. 10; typical values. 
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GENERAL DESCRIPTION 


Product Specification 


TDA7OS5OT 


The TDA7050T is a low voltage audio amplifier for small radios with headphones (such as watch, pen and 


pocket radios) in mono (bridge-tied load) or stereo applications. 


Features 


Limited to battery supply application only (typ. 3 and 4 V) 
Operates with supply voltage down to 1.6 V 

No external components required 

Very low quiescent current 

Fixed integrated gain of 26 dB, floating differential input 
Flexibility in use—mono BTL as well as stereo 

Small dimension of encapsulation (see package design example) 


QUICK REFERENCE DATA 


Supply voltage range Vp 
Total quiescent current (at Vp=3 V) rot 


Bridge tied load application (BTL) 
Output power at R; = 32 


Vp =3 V; doy = 10% a 
D.C. output offset voltage between the outputs IAVI 
Noise output voltage (r.m.s. value) 

at f= 1 kHz; Ro = 5 kQ Vno(rms) 


Stereo application 


Output power at Ry = 320 
dr ot = 10%; Vp=3 V 
Channel separation at Ro = 0 0; f = 1 kHz Q 


Noise output voltage (r.m.s. value) 
at f= 1 kHz; Rg = 5 kQ 


uv UV 


Vno(rms) 


PACKAGE OUTLINE 
8-lead mini-pack; plastic (SO-8; SOT-96A). 


September 1985 6-72 


1.6 to 6.0 
typ. 3.2 
typ. 140 
max. 70 
typ. 140 
typ. 35 
typ. 75 
typ. 40 
typ. 100 


V 
mA 


mw 
mV 


uv 


mW 
mW 


dB 


uv 
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Low Voltage Mono/Stereo Power Amplifier TDA7O50T 

RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage Vp max. 6 V 
Peak output current lom max. 150 mA 
Total power dissipation see derating curve, Figure 1 
Storage temperature range T stg —55 to +150 i 6 
Crystal temperature Ve max. 100 ZC 
A.C. and d.c. short-circuit duration 

at Vp = 3.0 V (during mishandling) ton max. 5 S 

7291365 


Fig. 1 Power derating curve. 


SO PACKAGE DESIGN EXAMPLE 

To achieve the small dimension of the encapsulation the SO package is preferred with only 8 pins. Because a 
heatsink is not applicable, the dissipation is limited by the thermal resistance of the 8-pin SO encapsulation 
until: 


T. 


baa 100-60 


Tamb 2 


Rth ja 300 


= 0.1 W. 
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CHARACTERISTICS 
Vp =3V; f= 1 kHz; Ry = 32 2; Tap = 25 °C; unless otherwise specified 


ee 


Supply 


Supply voltage V 
Total quiescent current mA 
Bridge-tied load application (BTL); see Fig. 4 
Output power* 

Vp = 3.0 V; digg = 10% mW 

Vp = 4.5 V; digg = 10% (Ry, = 64 2) mW 
Voltage gain dB 
Noise output voltage (r.m.s. value) 

Rs =5kQ;f=1 kHz Vino(rms) UV 

Ro = 00; f = 500 kHz; B = 5 kHz Vino(rms) pV 
D.C. output offset voltage (at Ro = 5 kQ) IAVI mV 
Input impedance (at Re = ~) IZ; MQ 
Input bias current l. nA 
Stereo application; see Fig. 5 
Output power* 

Vp = 3.0 V; diag = 10% mW 

Vp = 4.5 V; diog = 10% mW 
Voltage gain dB 
Noise output voltage (r.m.s. value) 

Ro = 5kQ; f= 1 kHz Vno(rms) uv 

Rs =0 Q; f = 500 kHz; B = 5 kHz Vino(rms) uv 
Channel separation 

Rg =02;f=1 kHz dB 
Input impedance (at Rg = =) Mo 
Input bias current nA 


*Output power is measured directly at the output pins of the IC. It is shown as a function of the supply voltage in Fig, 2 (BTL 
application) and Fig. 3 (stereo application). 
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Fig. 2 Output power across the load impedance Fig. 3 Output power across the load impedance 
(R; ) as a function of supply voltage (Vp) in (R;_) as a function of supply voltage (Vp) in 
BTL application. Measurements were made at stereo application. Measurements were made at 
f= 1 KHZ; digg = 10%; Top = 25 C. f = 1 KHZ; digg = 10%; Tamp = 25 C. 
APPLICATION INFORMATION 
Vp 
left channel 
input 


7291364 1 7291363 
Fig. 4 Application diagram (BTL); Fig. 5 Application diagram (stereo); 
also used as test circuit. also used as test circuit. 
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Wideband High Frequency Amplifier 


DESCRIPTION 


The NE5205 is a High Frequency Ampli- 
fier with a fixed insertion gain of 20dB. 
The gain is flat to +0.5dB from DC to 
450MHz, and the —3dB bandwidth is 
greater than 600MHz. This performance 
makes the amplifier ideal for cable TV 
applications. The NE5205 operates with 
a single supply of 6 volts, and only draws 
25mA of supply current, which is much 
less than comparable hybrid parts. The 
noise figure is 4.8dB in a 75 ohm system 
and 6dB in a 50 ohm system. 


Until now, most RF or high frequency 
designers had to settle for discrete or 
hybrid solutions to their amplification 
problems. Most of these solutions 
required trade-offs that the designer had 
to accept in order to use high-frequency 
gain stages. These include high power 
consumption, large component count, 
transformers, large packages with heat 
sinks, and high part cost. The NE5205 
solves these problems by incorporating 
_a wideband amplifier on a single mono- 
lithic chip. 


The part is well matched to 50 or 75 ohm 
input and output impedances. The 
Standing Wave Ratios in 50 and 75 ohm 
systems do not exceed 1.5 on either the 
input. or output over the entire DC to 
600MHz operating range. 


Since the part is a small monolithic IC 
die, problems such as stray capacitance 
are minimized. The die size is small 
enough to fit into a very cost-effective 
8-pin small-outline (SO) package to fur- 
ther reduce parasitic effects. A TO-46 
metal can is also available that has a 
case connection for RF grounding which 
increases the -3dB frequency to 
650MHz. The metal can is hermetically 
sealed, and can operate over the full 
— 55 to + 125°C range. 


No external components are needed 
other than AC coupling capacitors 
because the NE5205 is internally com- 
pensated and matched to 50 and 75 
ohms. The amplifier has very good dis- 
tortion specifications, with second and 
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third-order intermodulation intercepts of, PIN CONFIGURATION 


+24dBm and +17dBm respectively at 
100MHz. 


The device is ideally suited for 75 ohm 
cable television applications such as 
decoder boxes, satellite receiver/ 
decoders, and front-end amplifiers for 
TV receivers. It is also useful for ampli- 
fied splitters and antenna amplifiers. 


The part is matched well for 50 ohm test 
equipment such as signal generators, 
oscilloscopes, frequency counters and 
all kinds of signal analyzers. Other appli- 
cations at 50 ohms include mobile radio, 
CB radio and data/video transmission in 
fiber optics, as well as broadband LAN’s 
and telecom systems. A gain greater 
than 20dB can be achieved by cascad- 
ing additional NE5205’s in series as 
required, without any degradation in 
amplifier stability. 


FEATURES: 


¢ 650MHz bandwidth 

¢ 20dB insertion gain 

e 4.8dB (6dB) noise figure Zo = 750 
(Zo = 500) 

e No external components required 

e Input and output impedances 
matched to 50/750 systems 

e Surface-Mount package available 

e Excellent performance in cable TV 
750 systems 


APPLICATIONS 


75Q cable TV decoder boxes 
Antenna amplifiers 
Amplified splitters 
Signal generators 
Frequency counters 
Oscilloscopes 
Signal analyzers 
Broadband LAN’s 
Fiber optics 
Modems 

Mobile radio 

CB radio 
Telecommunications 
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D PACKAGE 


TOP VIEW 
Order Number 
NE5205D 


NOTE: Signetics c designates Pin 1. 


EC PACKAGE 


TOP VIEW 
Order Number 
NE5205EC 


NOTE: Tab denotes Pin 1. 
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ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING UNITS 


Supply Voltage 9 
AC Input Voltage 5 
Operating Temperature 

SO package air-mount 

TO package air-mount 
(Derate SO package above 6V) 


-55 to +85 
-— 55 to + 125 


EQUIVALENT SCHEMATIC 


6-77 


Product Specification 


NES205 


September 1985 


Signetics Linear Products Product Specification 


Wideband High Frequency Amplifier NEB 205 


DC ELECTRICAL CHARACTERISTICS at Voc = 6V, Zg = Z, = Zp = 500 and Ta = 25 °C, in SO package unless otherwise specified. 


f = 100MHz SO pkg 
Input return loss — $11 


Input return loss - S11 
Output return loss — S22 


Branca ratana S09 f = 100MHz TO pkg 
utput return loss — 


f = 100MHz a a 25 
Isolation - $12 (SO, TO) DC — 550MH = 
a y ae - 


Third-order intermodulation f-100MHz 
intercept (output) 


Second-order intermodulation 
intercept (output) 
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Figure 1. Supply Current vs Supply Voltage Figure 2. Noise Figure vs. Frequency 
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INSERTION GAIN—dB 


OUTPUT LEVEL—dBm 
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Figure 3. Insertion Gain vs Frequency (S.;) 
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Figure 5. Saturated Output Power vs Frequency 
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Figure 4. Insertion Gain vs Frequency (S.,) 
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Figure 6. 1dB Gain Compression vs Frequency 
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Figure 10. Output VSWR vs Frequency 
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INPUT RETURN LOSS—dB 
OUTPUT RETURN LOSS—dB 
ISOLATION—dB 


FREQUENCY—MHz FREQUENCY—MHz 


Figure 11. Input (S,,) and Output (S..) Figure 12. Isolation vs Frequency (S,.) 
Return Loss vs Frequency 
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Figure 13. Insertion Gain vs Frequency (S.,) Figure 14. Insertion Gain vs Frequency (S,;) 
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THEORY OF OPERATION 


The design is based on the use of multiple 
feedback loops to provide wideband gain 
together with good noise figure and terminal 
impedance matches. Referring to the circuit 
schematic in Figure 15, the gain is set primar- 
ily by the equation: 


V 
OUT = (Rey + Rey)/Rey (1) 
Vin 


which is series-shunt feedback. There is also 
shunt-series feedback due to Res and Reo 
which aids in producing wideband terminal 
impedances without the need for low value 
input shunting resistors that would degrade 
the noise figure. For optimum noise perform- 
ance, Re, and the base resistance of Q, are 
kept as low as possible while Rro is 
maximized. 


The noise figure for 50 and 75 ohm systems is 
given by the following equation: 


fh + Re, + 


2qlc1 
Ro 


NF = 10 Log (1+ dB (2) 


where Io,=5.5mA, Re, = 120, rp = 1302, 
KT/q = 26mV at 25°C and Rp = 50 for a 500 
system and 75 for a 750 system. 


September 1985 


The DC input voltage level V,,, can be deter- 


mined by the equation: 


Vin = Vee + (ler + Iog)Res (3) 


where Re, = 120, Veg = 0.8V, Io, =5mA and 
log = 7MA (currents rated at Voc = 6V). 


Under the above conditions, Vix is approxi- 
mately equal to 1V. 


Level shifting is achieved by emitter follower 
Q, and diode Q, which provide shunt feed- 
back to the emitter of Q, via Re;. The use of 
an emitter-follower buffer in this feedback 
loop essentially eliminates problems of shunt 
feedback loading on the output. The value of 
Re, = 140 ohms is chosen to give the desired 
nominal gain. The DC output voltage Voyr 
can be determined by: 


Vout = Veco — (leo + !ce)Re » (4) 


where Voc = BV, Ro = 2250, Ioo=7MA and 
log = 5mA. 


From here it can be seen that the output volt- 
age is approximately 3.3V to give relatively 
equal positive and negative output swings. 
Diode Qs is included for bias purposes to 
allow direct coupling of Res to the base of Q,. 
The dual feedback loops stabilize the DC 
operating point of the amplifier. 


The output stage is a Darlington pair (Q, and 
Q,) which increases the DC bias voltage on 


Figure 15. Schematic Diagram 
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the input stage (Q,) to a more desirable value, 
and also increases the feedback loop gain. 
Resistor Rp optimizes the output VSWR (Volt- 
age Standing Wave Ratio). Inductors L, and 
L, are bondwire and lead inductances which 
are roughly 3nH. These improve the high fre- 
quency impedance matches at input and out- 
put by partially resonating with 0.5pF of pad 
and package capacitance. 


POWER DISSIPATION 
CONSIDERATIONS 


' When using the part at elevated temperature, 


the engineer should consider the power dissi- 
pation capabilities of each package. Signetics 
does not recommend operation at die temper- 
atures above 110°C in the SO package. With 
this in mind, the following equation can be 
used to estimate the die temperature: 


Tj = Ta + (Py x Bia) 


where T,=Ambient Temperature, 1; =Die 
Temperature, Py = Power Dissipation = loc x 
Voc: 9a = Package Thermal Resistance, and 
Bia = 270°C/watt for SO-8, 6,4 = 100°C/watt for 
TO-46. 


At the nominal supply voltage of 6 volts, the 
typical supply current is 25mA (830mA Max). 
For operation at supply voltages other than 
6 volts, see Figure 1 for log versus Voc 
curves. The supply current is inversely pro- 
portional to temperature and varies no more 
than 1mA between 25°C and either tempera- 
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ture extreme. The change is 0.1% per °C 
over the range. 


The recommended operating temperature 
ranges are air-mount specifications. Better 
heat sinking benefits can be realized by 
mounting the SO and TO-46 package body 
against the PC board plane. Operation at 
higher temperatures is possible but may 
result in lower MTBF (Mean Time Between 
Failures). This lower MTBF should be consid- 
ered before operating beyond 110°C die tem- 
perature because of the overall reliability 
degradation. 


PC BOARD MOUNTING 


In order to realize satisfactory mounting of the 
NE5205 to a PC board, certain techniques 
need to be utilized. The board must be 
double-sided with copper and all pins must be 
soldered to their respective areas (i.e., all 
GND and Vcc pins on the SO package). In 
addition, if the TO-46 package is used, the 
case should be soldered to the ground plane. 
The power supply should be decoupled with a 
capacitor as close to the Vcc pins as possible 
and an RF choke should be inserted between 
the supply and the device. Caution should be 
exercised in the connection of input and out- 
put pins. Standard microstrip should be 
observed wherever possible. There should be 
no solder bumps or burrs or any obstructions 
in the signal path to cause launching prob- 
lems. The path should be as straight as possi- 
ble and lead lengths as short as possible from 
the part to the cable connection. Another 
important consideration is that the input and 
output should be AC coupled. This is because 
at Voc = 6V, the input is approximately at 1V 
while the output is at 3.3V. The output must 
be decoupled into a low impedance system or 
the DC bias on the output of the amplifier will 
be loaded down causing loss of output power. 
The easiest way to decouple the entire ampli- 
fier is by soldering a high frequency chip 
capacitor directly to the input and output pins 
of the device. This circuit is shown in Figure 
16. Follow these recommendations to get the 
best frequency response and noise immunity. 
The board design is as important as the inte- 
grated circuit design itself. 


Both of the evaluation boards that will be dis- 
cussed next do not have input an output ca- 
pacitors because it is assumed the user will 
use AC coupled test systems. Chip or foil ca- 
pacitors can easily be inserted between the 
part and connector if the board trace is 
removed. 


50 OHM EVALUATION BOARD 


The evaluation board layout shown in Figure 
17 produces excellent results. The board is to 
scale and is for the SO package but can be 


RF CHOKE 


DECOUPLING 
ai CAPACITOR 


Vino— --—0 Vour 


AC AC 
COUPLING COUPLING 
CAPACITOR CAPACITOR 


Figure 16. Circuit Schematic for 
Coupling and Power Supply 
Decoupling 


8-LEAD MINI-PACK; PLASTIC (SO-8; SOT-96A) 


5.0 


7Z68240.6 


Voc PLANE 
OUTPUT GND PLANE 


GND PLANE 


SO PACKAGE 
HOLE BACKSIDE SO PACKAGE 
HOLE TOPSIDE 


Uo. ate 


GND FLANGE 
SMA CONNECTOR 


Figure 17. BC Board Layout for NE5205 Evaluation 
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used for the TO-46 package as well. Both top 
and bottom are copper clad and the ground 
planes are bonded together through 50 ohm 
SMA cable connectors. These are solder 
mounted on the sides of the board so that the 
signal traces line up straight to the connector 
signal pins. 


Solid copper tubing is soldered through the 
flange holes between the two connectors for 
increased strength and grounding character- 
istics. Two or four hole flanges can be used. A 
flat round decoupling capacitor is placed in 
the board’s round hole and soldered between 
the bottom Vcc plane and the top side 
ground. The capacitor is as thin or thinner 
than the PC board thickness and has insula- 
tion around its side to isolate Voc and ground. 
The square hole is for the SO package which 
is put in upside down through the bottom of 


FEEDTHRU 


0.469 
(11.9) | | 


MODEL 7014 


7014-1 (BNC) 
7014-2 (TNC) 
7014-3 (TYPE N) 
7014-4 (SMA) 


the board so that the leads are kept in posi- 
tion for soldering. Both holes are just slightly 
larger than the capacitor and IC to provide for 
a tight fit. 


This board should be tested in a system with 
50 ohm input and output impedance for cor- 
rect operation. 


75 OHM EVALUATION BOARD 


Another evaluation board is shown in Figure 
18. This system uses the same PC 
board as presented in Figure 17, but makes 
use of 75 ohm female N-type connectors. The 
board is mounted in a nickel plated box” that 
is used to support the N-type connectors. 
This is an excellent way to test the part for 
cable TV applications. Again, the board 


4-40 UNC-3B 


0.375 (9.5) DEEP 
2 HOLES 


0.062 TYP 
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(1.6) 


Figure 18. 75-Ohm N-Type Connector System 


S12 
Figure 19a. Two-Port Network Defined 
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should be tested in a system with 75 ohm 
input and output impedance for correct oper- 
ation. 


“The box and connectors are available as a “MODPACK 
SYSTEM” from the ANZAC division of ADAMS-RUSSELL 
CO., INC., 80 Cambridge Street, Burlington, MA 01803. 


SCATTERING PARAMETERS 


The primary specifications for the NE5205 
are listed as S-parameters. S-parameters are 
measurements of incident and reflected cur- 
rents and voltages between the source, 
amplifier and load as well as transmission 
losses. The parameters for a two-port network 
are defined in Figure 19. 


0.200 (5.1) TYP 
ie 0.290 (7.4) TYP 
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Actual S-parameter measurements using an 
S,, — INPUT RETURN LOSS S2, — FORWARD TRANSMISSION LOSS H.P. network analyzer (model 8505A) and an 


POWER REFLECTED OR INSERTION GAIN H.P. S-parameter tester (models 8503A/B) are 


FROM INPUT PORT So = [TRANSDUCER POWER GAIN shown in Figure 20. These were obtained with 


POWER AVAILABLE FROM the device mounted in a PC board as 
GENERATOR AT INPUT PORT S22 — OUTPUT RETURN LOSS described in Figures 17 and 18. 
POWER REFLECTED 
S,> — REVERSE TRANSMISSION LOSS FROM OUTPUT PORT For 50 ohm system measurements, SMA con- 
OR ISOLATION ——$—$—$—$——— nectors were used. The 75 ohm data was 
POWER AVAILABLE FROM obtained using N-connectors. 


S.,=1 | REVERSE TRANSDUCER GENERATOR AT OUTPUT PORT 
ie POWER GAIN 


Figure 19b Values for the figures below are measured 
and specified in the data sheet to ease adap- 


500 System 750 System 
25 


: ' 
J 20 z 
a < 
o 3 
z 
S S 
b 15 Ei 
g < 
10 
101 2 4 6 8 492 2 4 6 8 493 
FREQUENCY—MHz FREQUENCY—MHz 
Figure A. Insertion Gain vs Frequency (S5;) Figure B. Insertion Gain vs Frequency (S>,) 


iISOLATION—dB 
ISOLATION — dB 


10! 2 4 6 8 192 2 4 6 8 103 


FREQUENCY—MHz FREQUENCY — MHz 


Figure C. Isolation vs Frequency (S,9) Figure D. Sj. Isolation vs Frequency 


fA | 


INPUT RETURN LOSS—dB 
OUTPUT RETURN LOSS—dB 
INPUT RE */URN LOSS — dB 

OUTPUT RETURN LOSS — dB 


101 2 4 6 8 192 2 4 6 84093 101 2 4 6 8&8 492 4 5 6 8 493 
FREQUENCY—MHz FREQUENCY — MHz 
Figure E. Input (S,,) and Output (S22) Figure F. Input (S,,) and Output (S29) 
Return Loss vs Frequency Return Loss vs Frequency 
Figure 20 
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tation and comparison of the NE5205 to other 
high frequency amplifiers. The most impor- 
tant parameter is S.,. It is defined as the 
square root of the power gain, and, in deci- 
bels, is equal to voltage gain as shown below: 


Zp = Zin = Zout for the NE5205 


ae Vin2 0-4 NE5205 Doe Vanier 
IN = ouT = —— 
Zo z Zs 
2 
Vout 
Pout Zp 8 Vour® p 
Pin Vin? Vin? 
Zp 
P)=V/? 


P, = Insertion Power Gain 
V, = Insertion Voltage Gain 


Measured value for the 
NE5205 = |Sp,|7 = 100 


p 
“P, = —E = |S,,|? = 100 


In decibels: 


10 Log |Sp,|? = 20dB 


PiaB) 


VidB) = 20 Log So; = 20dB 


Paap) = Vas) = S2rae) = 2008 


INPUT VSWR 


Also measured on the same system are the 
respective voltage standing wave ratios. 
These are shown in Figure 21. The VSWR 
can be seen to be below 1.5 across the entire 
operational frequency range. 


Relationships exist between the input and 
output return losses and the voltage standing 
wave ratios. These relationships are as 
follows: 


INPUT RETURN LOSS = S,,dB 
S,,dB _ 20 Log 1S,,| 


OUTPUT RETURN LOSS = SyodB 
So2dB = 20 Log ISool 


1+S 
INPUT VSWR = W+8nt <15 
\1 - $41 
1 
output vewr = 1 * Sz! 245 
14 - Sool 


1dB GAIN COMPRESSION AND 
SATURATED OUTPUT POWER 


The 1dB gain compression is a measurement 
of the output power level where the small- 
signal insertion gain magnitude decreases 
1dB from its low power.vaiue. The decrease is 
due to nonlinearities in the amplifier, an indi- 
cation of the point of transition between small- 
signal operation and the large signal mode. 


The saturated output power is a measure of 
the amplifier’s ability to deliver power into an 
external load. It is the value of the amplifier’s 
output power when the input is heavily over- 
driven. This includes the sum of the power in 
all harmonics. 


ise 
= 
wn 
> 
— 
- 
oO 
= 
2 
° 


a (ET ATL 
PP smear RC (EE 


10! 2 4 6 8 402 2 


FREQUENCY—MHz 


Figure A. Input VSWR vs Frequency 
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INTERMODULATION INTERCEPT 
TESTS 


The intermodulation intercept is an expres- 
sion of the low level linearity of the amplifier. 
The intermodulation ratio is the difference in 
dB between the fundamental output signal 
level and the generated distortion product 
level. The relationship between intercept and 
intermodulation ratio is illustrated in Figure 
22, which shows product output levels plotted 
versus the level of the fundamental output for 
two equal strength output signals at different 
frequencies. The upper line shows the funda- 
mental output plotted against itself with a 1dB 
to 1dB slope. The second and third order 
products lie below the fundamentals and 
exhibit a 2:1 and 3:1 slope respectively. 


The intercept point for either product is the 
intersection of the extensions of the product 
curve with the fundamental output. 


The intercept point is determined by measur- 
ing the intermodulation ratio at a single output 
level and projecting along the appropriate 
product slope to the point of intersection with 
the fundamental. When the intercept point is 
known, the intermodulation ratio can be 
determined by the reverse process. The sec- 
ond order IMR is equal to the difference 
between the second order intercept and the 
fundamental output level. The third order IMR 
is equal to twice the difference between the 
third order intercept and the fundamental out- 
put level. These are expressed as: 


IP, = Pout + IMRo 


IP3 = Pout + IMR3/2 


6 8 102 


FREQUENCY—MHz 


Figure B. Output VSWR vs Frequency 


Figure 21. Input/Output VSWR Versus Frequency 
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where Poyr is the power level in dBm of each 
of a pair of equal level fundamental output 
signals, IP, and IP, are the second and third 
order output intercepts in dBm, and IMR, and 
IMRg are the second and third order inter- 
modulation ratios in dB. The intermodulation 
intercept is an indicator of intermodulation 
performance only in the small signal operat- 
ing range of the amplifier. Above some output 
level which is below the 1dB compression 
point, the active device moves into large sig- | 2ND ORDER INTERCEPT -[ 4 
nal operation. At this point the intermodula- — ope 
tion products no longer follow the straight line 3RD ORDER INTERCEPT 

output slopes, and the intercept description is 


no longer valid. It is therefore important to es —a~l|/A | 
measure IP. and IP; at output levels well — at 4s] 


below 1dB compression. One must be care- 3 | | £f ee 
ful, however, not to select too low levels La | || ft intercept | | 
because the test equipment may not be able 2ND ORDER PROD. MY \ VALIDITY aa 
to recover the signal from the noise. For the 2:1 SLOPE 14s 
A 3:1 SLOPE 
NE5205 we have chosen an output level of AZ | 3RD ORDER PROD. 
— 10.5dBm with fundamental frequencies of 90 f 
100.000 and 100.01 MHz, respectively. SM seat 20. AO. 1e 10 = 20 30 


FUNDAMENTAL OUTPUT LEVEL — dBm 


ADDITIONAL READING ON 
SCATTERING PARAMETERS 


For more information regarding S-param- 
eters, please refer to High-Frequency Ampli- 
fiers by Ralph S. Carson of the University of 
Missouri, Rolla, Copyright 1985; published by 
John Wiley & Sons, Inc. 


S-Parameter Techniques for Faster, More 
Accurate Network Design, H.P. App Note 95-1, 
Richard W. Anderson, 1967, HP Journal. 


S-Parameter Design, H.P. App Note 154, 1972. 


Figure 22 
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The HEF4752V is a circuit for a.c. motor speed control utilizing LOCMOS technology. The circuit 
synthesizes three 120° out of phase signals, of which the average voltage varies sinusoidally with time 
in the frequency range 0 to 200 Hz. The method employed is based upon the pulse width modulation 
principle, in order to achieve a sufficient accuracy of the output voltages over the whole frequency 
range. A pure digital waveform generation is used. 


All outputs are of the push-pull type. Inputs and outputs are protected against electrostatic effects in a 
wide variety of device-handling situations. However, to be totally safe, it is desirable to take handling 
precautions into account. 


PINNING 

Inputs; group | Inputs; group II 

24=L data 12=FCT _ frequency clock 

25 =| data 17=VCT voltage clock 
7=K data 4=RCT _ reference clock 
5 = CW data 6=OCT output delay 

13=A data clock 

15=8B data 

16=C data 


Outputs; group | 


23=RSYN _ R-phase synchronization 
26 = VAV average voltage 
18 = CSP current sampling pulses 


HEF4752V 


Outputs; group I! 


8=ORM1 __ R-phase main 
9=QORM2 __ R-phase main 
10 = ORC1 R-phase commutation 
11 =ORC2 R-phase commutation 
22=OYM1 _— Y-phase main 
21=OYM2 = Y-phase main 
20 = OYC!1 Y-phase commutation 
19 = OYC2 Y-phase commutation 
3=Q0OBM1 _— B-phase main 
2=QOBM2 _ B-phase main 
1 = OBC1 B-phase commutation 
27 = OBC2 B-phase commutation 


SUPPLY VOLTAGE 


recommended 
operating 


7275992 rating 


Fig. 1 Pinning diagram. 


HEF4752vV | —0,5to18 | 4,5to12,5V 


HEF4752VP : 28-lead DIL; plastic (SOT-117). 
HEF4752VD: 28-lead DIL; ceramic (cerdip) (SOT-135A). FAMILY DATA see Family Specifications 


HEF4752VT : 28-lead mini-pack; plastic 
(SO-28; SOT-136A). 
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D.C. CHARACTERISTICS Vsg = 0 V 


Vppb 
parameter - V 


Quiescent device current 
Input leakage current 


Input voltage HIGH 
Input voltage LOW 
Output voltage HIGH 


Output voltage LOW 


Input tripping level; 
input voltage increasing 


Input tripping level; 
input voltage decreasing 


Output current LOW 


Output current HIGH 
Output current HIGH 
Output current HIGH 


Output current HIGH 


Total supply current 


0,45 


0,9 


1,8 


| 
| 
| 


conditions 


all valid input combinations; 
V1 = Vss or Vpp 
V;=0Oor10V 


inputs: group | 
inputs: group | 
V, = Vss or Vpp; to | <1yA 
Vi = Vgg or Vpp: |lo | <1HA 
inputs: group II 


inputs: group II 

Vo_ =0,4V_ | outputs: groups | 
VoL =0,5 V { and Il 

VOH = 4.6 V 
VoH = 9,5V 
VOH = 2,5 V; outputs: group | 


VOH =4,6V 
VOoH =9,5 V 


VOH = 2,5 V; outputs: group II 


outputs: group | 


outputs: group II 


lot = !OH = 0; frequency applied to 
inputs; FCT = 700 kHz; VCT = 400 kHz; 
RCT = 400 kHz 


HNOAID JOMUOD JOON OV 


ACSLV45H 


SJIONPOld JOEU!] SOHOUBIS 


UOIODYIOedS JONPOld 


Signetics Linear Products Product Specification 


AC Motor Control Circuit HEF4752V 


APPLICATION INFORMATION 


Figure 2 shows the functional block diagram of a 3-phase a.c. motor speed control system using a 
thyristorized inverter with variable frequency output. The inverter control signals are generated by 

the HEF4752V (PWM-IC). A special feature of the PWM (Pulse-Width Modulation) - IC is here, that 
the motor is supplied by sinnoidally modulated pulses, hence the resulting motor current will approach 
a sine-wave with a minimum on higher harmonics. In this way, an optimum speed drive with high per- 
formance is obtained. 

Furthermore, the HEF4752V contains all logic circuitry required for this special waveform generation, 
so that the amount of control circuit components is reduced considerable. The speed drive system in 
Fig. 2 is controlled by the analogue control section. 

The FCT and VCT clock pulse oscillators are driven in such a way, that a fast response speed control 
of the a.c. motor is obtained, depending on: the reference values for speed; motor voltage; motor cur- 
rent (Limited by the measured motor current via DCCT - d.c. current transformer -); the increasing 
value of Vcp during braking action. 


INVERTER 
FILTER RECTIFIER SMOOTHING 
3-phase ¢ TOL > CAPACITOR [VYcb 
mains = C, 
T T Be 
|Yco 


PWM—IC 


ANALOGUE HEF4752V 


CONTROL 


7282749 


Fig. 2 PWM motor speed control system using HEF4752V. 


MORE APPLICATION INFORMATION SUPPLIED ON REQUEST 
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The TDA1506 is for car radio/casette players. It incorporates the following functions: 


® a motor speed regulator with a multiplication coefficient of k = 20,5. 

@ an electronic motor stop, controlled by commutator pulses; 

@ protection circuitry to avoid restarting of the motor after the set is switched to radio reception; 

@ playback indication; | 

@ tape-end indication with intermittent light; 

@ fast-wind/rewind circuitry; 

@ two separately stabilized voltage regulators for the playback amplifier stages; 

@® astabilized output voltage for the radio part; 

@ an automatic switch for switching the preamplifier supply outputs to zero and the radio supply 
output to a high level at tape-end; 

@ an output signal for auto-reverse; 

@ short-circuit protection for all pins to ground at Tamb = 30 9C maximum and between output and 


power supply pin; 
@ load dump protection. 


During fast wind (or rewind) the voltage regulator for the second playback preamplifier is switched off. 
This feature allows application in an A.P.S.S. (Automatic Program Search System) set. At tape-end and 
at an externally chosen fixed time before motor stop, the automatic replay output gives a d.c. infor- 
mation signal. This signal may, e.g., be used to control the plunger in an automatic-reverse set. 
Automatic switching, with all switches to ground. 


QUICK REFERENCE DATA 


Supply voltage range Vp 10 to 16 V 
Operating ambient temperature range 

at Vp = 14,4 V Tamb —20 to +80 °C 
Motor regulator 
Regulator supply voltage range | ~~ V6.3 3,2to 12 V 
Internal reference voltage Vref = V6-5 typ. 1,38 V 
Drop-out voltage V4.3 < 1,8 V 
Multiplication coefficient (Alq/Alg) | | k typ. 20,5 
Stabilization radio 3 
Output voltage V1i1-8 => 8,5 V 
Limited output current . l44iim => 45 mA 
Stabilization preamplifier | 
Output voltage Vi08 > 7,7NV 
Limited output current lwolim => 2 mA 
Stabilization preamplifier II 
Output voltage V9-8 > 8,7 V 
Limited output current lQlim => 20 mA 
Lamp driver 
Output voltage V2.8 > 13 V 
Limited output current ldlim > 20 mA 


PACKAGE OUTLINE 16-lead DIL; plastic power (SOT-38). 
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Fig. 1 Block diagram. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage Vp max. 24 V 
Limited output current la lim max. 1A 
Power dissipation see Fig. 2 

Storage temperature range T stg —65 to+ 150 °C 
Junction temperature Tj max. 150 °C 


THERMAL RESISTANCE 
From junction to ambient Rth j-a 55 K/W 


7284942 
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Fig. 2 Power derating curve. 


Note to Fig. 2 
qj max — Tamb 


tot Reh ja 


Prot in playback position (see Figure 3): 


V | 
Prot ~ 112 x Vp + V4.3 (Im + “pef)+ (V4.3 Vref} (+ Iq)—!2 x V2.8 —Ig x Vo.g 110 x V10-8 


Ptot in radio reception is much lower than P¢o¢ in playback. 
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CHARACTERISTICS 


Product Specification 


Vp = 14,4 V; Tamb = 25 °C; 14 = 70 mA; 144 = 45 mA; 149 = 0,3 mA; Ip = 18 MA; Ig = 2 mA; 


unless otherwise specified; see test circuit Fig. 3. 


TDA1506 


Tevet min, typ, mans unit [eonditions 


General 
| Supply voltage Vp 


Current consumption 
at playback 142 


at radio 12 


Motor regulator 
Supply voltage V6-3 

Drop-out voltage V4.3 

Internal reference voltage | Vref = V6.5 

Quiescent current 1,5 
Limited output current 0,5 — 
Multiplication coefficient | k = Alq/Alg 18,5 20,5 


Line regulation variation 
AV ref. 100% 


Vref versus Vp AVp x Viet 
| 9, 

k versus Vp Ak x wee 
9 

lq versus Vp x ie 


Load regulation variation 


AV ref = + 2% 
V6-3=8,7V 
lg = 0; V6.3 = 8,7 V 


\Vg-3 = 8,7 V: 
\Alg=+10mA 


Vp =3,2 to 12 V 


\Vp =3,2 to 12 V 
[14 =0 


Vref versus |4 Are —0,037 —0,018 %/mA| 14 = 20 to 150 mA 


k versus 14 . —0,02 0 %/m 


Temperature coefficient 


variation 
Vref versus Tamb 0,025 0,045 
k versus Tamb —0,016 0,008 0,032 


Iq versus Tamb 


Saturation voltage 
fast winding 


Input current (pin 5) 


* For starting conditions: min. 6 V. 
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a |\!4 = 20 to 150 mA 
\Alg= +10mA 


\V6-3 = 8,7 V 


(Tamb = —20 to +80 


oC 


oC 


\V6-3 = 8,7; Alga = +10 mA 


\V6-3 = 8,7 V; 14 =0 


oC 


l7 = 10 mA (max. 50 mA) 


V6-3 78,7 V 
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-—Fsvmbot——Tinin tye. rae [unit Jeonaiions 


Automatic motor stop 
Output current (pin 15) 
Time constant 
Switching level 


Stabilization radio 
Output voltage 

Limited output current 
Variation of V11-8 


Leakage current 


Temperature coefficient 


Stabilization preamp. | 
Output voltage 
Limited output current 


Variation V70-g versus Vp|AV 19.8/AVp 
AV 10-8/AVp 


Stabilization preamp. I! 
Output voltage 

Output voltage 

Limited output current 
Variation Vg.g versus Vp 


Lamp driver 

Output voltage © 
Limited output current 
Blinking time 


Rejection voltage supply 


45 
tt 
V16-8 


AV 11.8/ATamb 


V10-8 
110 lim 


V9-8 

V9-8 

IQ lim 
AVo9.8/AVp 
AV 9.8/AVp 


V2-8 
1D lim 
th 
AVp 


Automatic replay output | 


Output current; playback 
Output current; radio 


Delay time 
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4 
14 
tq 


13 


20 


300 
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0,9 


mA 
ms Ci = 47 pF +t 1%; Fig. 4 


mA 

mV |Vp = 10,5 to 16 V 
mV/V |Vp = 10 to 10,5 V 
pA R41-8 = 100 kQ 


|R14-8 = 100 kQ 
\Tamb = 80 °C 


LA 


mA 


mV/V |Vp = 10,5 to 16 V 
mV/V |Vp = 10 to 10,5 V 


S C1 = 47 uF; Fig. 4 


UA |V1.8= Vp 
LA Vi-8225V 
ms C1 = 47 uF; Fig. 4 
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CHARACTERISTICS (continued) 


po symbol! | min. typ. _max.| unit | conditions 


Radio playback switch 


Switching levels 
to playback | VP =10to 16 V 


to radio | Tamb = —20 to +80 °C 


Input impedance 
Output current V14-8 =0 


Fast wind switch 


Switching levels 
normal to fast | Vp = 10 to 16 V 
fast to normal | Tamb = —20 to +80 °C 


Output voltage; playback 
Output current; fast wind V 13-8 =9 
Output impedance 


4 4 
te is: 
commutator e @ 


Vp pulses Vp Z Z Z 


| j 1 aes 
: T 
C2 a >» (~_ 
C1 C3 ; Sy, wy, ay, 
+ 


13 12 


TDA1506 


V A &» EF | ~E J £ 
ay, 7Z84949 
(_’ 
7 ay, 

Vp 

S1 closed: playback C2 is only used with sets on which a fast rewind 

S1 open: radio reception key is available (C2 = 2,2 uF). 

S2 closed: fast speed C1 is 200 uF maximum (typ. 47 uF). 

S2 open: normal speed C3 = 100 nF. 


Fig. 3 Test circuit. 
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signal across C1 


— p| ty <— 


a—top—> 
—-» time 


commutator 
pulses (pin 15) 


input current 


(pin 1) L 
H 
output voltage 
(pin 4) L 
| 
H 


output voltage 
(pins 9 and 10) 


out put voltage 
(pin 11) 


H 
out put voltage 
(pin 2) L 


ae th = 7284948. 


Fig. 4 Waveforms showing signal levels and time constants. 
H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
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APPLICATION INFORMATION 


4 4, 4 
record 
commutator playback @ wind only 
pulses supply supply 
4 93 5\S1 >\S2 supply preamplifier preamplifier 


R6 
“ 
Lie let | 
C1 == 47 pF : 


Vp radio 1 y) 


Te 
560 r 7 
= [Rs aes 


7284950 

An (1) 

3,3 

Ral , (¥ \ LED 

—~ (tape -end (M1) Rf or 

indicator) 
Vp : Vp 
auto - reverse (1) See Fig. 6 


information 


Fig. 5 Typical simplified application circuit diagram. 
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TDA1506 


l4/k fast rewind 


signal 


7284947 


Product Specification 


— TDA1506 


(1) Inclusion of D (BA220) is 
optional; it permits 
compensation of variation 
of the motor resistance as 
function of temperature. 


Fig.6 Example of using the TDA1506 (only the motor 
regulation part is shown) in a d.c. motor speed regulation circuit. 


Notes to Fig. 6 


R2 = R2’+ R2"” 

E,=nxCx¢ where: n = speed in revolutions per minute 
Qn C = motor constant 

Im= 1X6 *C.6 o = magnetic flux 


E, = electromotive force 
T = motor torque 
Rm = motor resistance 
E, can be expressed (excluding diode D) as: 
-, (8 Pare ne eres 
En = Im (= — Rim)+ Vref 14 = (1+ a +R1X Iq 


For optimal regulation (dn/dT = 0), (31 — Rm) should be zero. 


Example: 

En = Eoano = 9,24 V(+12,2%) 
Rm = 25,6 2(+10%) 

n = 2400 rev/min 


T =1,3mNm 
R1 =430Q0 
R2’ =110Q 
R2” = 220 Q 


However, if R1 =k x Rr, the regulator will be oscillating, so for stability always R1 <k x Rp. 


R2 is determined by: 


Veet x R1x(1+ 4] 
57 sae eCamenaay e gEGeeaaiiT< WANES 


—_ 


September 1985 7-14 


Signetics Linear Products Product Specification 


Motor Regulator and Function Controller TDA1506 


7284943 


| | 


eS 
S 
= 
~ 
ie 
ze 
fe 
a 
| 
ei 


EREE 2s 
be Af # 


Pitt tie 
Ree Se 


0,9 11 1, 15 TimNm) 17 


Fig. 7 Variation in motor speed (n is revolutions per minute) as a function of the applied motor 
torque at Tampb = 25 OC. 


7Z84944 
sc) Cl SG SG GO OG a? OG a 
An Se Ee a 0 tl dl Ga Gl 


oe, Poel ol eo ede ete Cd ee belo oe 
(4) PORES nae as ie 


7 SoS So bee eee 
a ed eh ee 


pee seal ee elias Weel Med 
Cee GR ae ee Secee ee ee 
ttt tt nace ekeseRe Rare 
25 wis Ske a 
cose (eal BERRERE 
| 
= 
a 
Pr ee 


Fig. 8 Variation in motor speed (n is revolutions per minute) as a function of the ambient 
temperature at T = 1,3 mNm nominal and Vp = 16 V. 

: with diode D (see Fig. 6). 
——--O ee: : without diode. | 
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Veal eee ely lebas 
sc a 08 A a a 
Py a sc Sl 
i i 
i Eee eee esse esa 
se eee ee See ee 
OM al El el ee ao 
2,3 HEE eit 
kW) Rl Ol a BD SO 
Pleo aVeabelaeale oleeis 
les 
Bal 
ie 


a 
ShSe RR SRE 
b (°C) si 


—25 0 25 


Fig. 9a Vp= 10 V. 


7284946 


a9 EEE EEE EE 


= pote ele a aaGe 
+25 S00000 000000080 00000000 800000000500 0000555000 
She RES Re ERR Ree eee Sse 
SPS EGG Ie Pe ella ebajol etal pete ele MT Tt 
ee ee ee ee ar 
pe te er ea eae ie eee ee ke Te 
a fhe hee cee Rees ee eRe EAE 


Se ee Se AS A LS A LT TS A TS A SS 


ie eee = 
scot TT TU se se eed 
—25 0 25 Tamp (0c) 75 
Fig. 9b Vp = 16 V. 


Fig. 9 Variation in motor speed (n is revolutions per minute) as a function of the ambient | 
temperature without diode (see Fig. 6). 
ea eee >T=1,17 mNm 
-T=1.30mNm 
SS ae TT = 1 AS Nm 
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The TDA1559 is a 3 pins speed regulator circuit for d.c. motors. It is especially intended for low-voltage 
motors in battery operated cassette recorder systems and record players. The IC features a high multi- 
plication coefficient (k = 21,5) and a low drop-out voltage (0,5 V). It also contains a current limiter 

and thermal shut-down. 


QUICK REFERENCE DATA 


Supply voltage Vp max. 16 V 
Internal reference voltage Vref typ. 1,26 V 
Drop-out voltage V9.3 typ. 05 V 
Limited output current ID lim typ. 07A 
Multiplication coefficient k typ. 21,5 
Thermal limitation Tj lim typ. 145 °C 
Operating ambient temperature range Tamb —25 to +70 °C 
PACKAGE OUTLINE Dimensions in mm 


Fig. 1 TO-126 (SOT-32). 
Pin 1 connected to metal part of mounting surface. 


2,7 
ie a 
cae oa | 
3,75 
11,1 
max 
: | 
1 | 
> +12 
15,3 
min 
| 7Z59324.2A 
pe! |< 
0,5 


(1) Within this region the cross-section of the leads is uncontrolled. 
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Vp 
e 
1 R1 
8 ee 
CRYSTAL 
TEMPERATURE | | REFERENCE | p 
LIMITER VOLTAGE - Ri (mM) 
Gowen e ety 


CURRENT 


LIMITER \/ 
: ae 


3 
D— 
7 7286301 
Fig. 2 Functional diagram. 

RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage Vp = V4.3 max. 16 V 
Output current lp max. 1,2 A 
Storage temperature Tstg —25 to+125 IC 
Junction temperature (limited by thermal limitation) Tj max. 130 °C 
Operating ambient temperature range Tamb —25 to + 70 °C 
THERMAL RESISTANCE 
From junction to case = 10 K/W 
From junction to ambient 100 K/W 


7286300 


Fig. 3 Test circuit. 
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CHARACTERISTICS 


Vp =9V; lo = 70 mA; Tamb = 25 °C; R1 = 0; heatsink with Ry, = 100 K/W and after thermal stab- 
lization; unless otherwise specified; see test circuit Fig. 3. 


es ee 


Internal reference voltage | Vref =V4-2| 1,20 1,26 1,32 
Drop-out voltage V2.3 — 0,5 0,7 
V2.3 — 0,85 1,1 


0,8 1,3 1,8 
045 0,7 1 


Quiescent current 


Limiting output current 


| Al 
Multiplication coefficient* | k = 193 215 243 
Thermal limitation Tj lim 160 


Line regulation variation 
0,9 2,0 


Vref versus Vp 0 007 0,16 


k-spread versus Vp +02 +] 


_ 11 
- 0,95 — 


Iq versus Vp 


Load regulation variation 


—0,4 O +0,4 


Vref versus I9 —0.03 0 +0,03 


k-spread versus |9 —0,05 0 +0,05 


Temperature coefficient 
variation 
Vref versus Tamb 


+0,4 


ees O 
0,02 0,01 +0,04 |Tamb 20 Fe C 


Tamb = —9 to +55 OC 
k-spread versus Tamb Alg=+10mA 


Iq versus Tamb 


* There are 4 ranges of k-factors, indicated by either ‘1’, ‘2’, ‘3’, or ‘4’ on the package. Ordering a 
specific range is not possible. 
1= 19,3 to 20,5 
2 = 20,3 to 21,5 
3 = 21,3 to 22,7 
4= 22,5 to 24,3 
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APPLICATION INFORMATION 


(1) Inclusion of D (BA220) is optional; it permits compensa- 
tion of variation of the motor resistance as function of 
temperature. 


7286302 


Fig. 4 Example of using the TDA1559 in a d.c. motor speed regulation circuit. 
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Notes to Fig. 4 


R2 = R2’+ R2” 

E,x=nxCxo¢ where: n_ = speed in revolutions per minute 
on 1 C =motor constant 

(ieee 60 Co @ =magnetic flux 


Er, = electromotive force (e.m.f.) 
T =motor torque 
Rm= motor resistance 


E,, can be expressed as: 


En = Im (2! — Rm) + Vret [1+ 5 (1+ 2) | + R2x Ig 


k 
: : _ R1 
For optimal regulation (dn/dT = 0), (AL — Rm! should be zero. 
However, if R1 = k x Ry, the regulator will be oscillating, so for stability always R1 << k x Rm. 
R2 is determined by: 


Vref x RIX (1+7) 
a aa arma <7 aE 
En — (R1 x Iq) — Vref — Im (= a Rm) 
Example: 


E, = Eogg0 = 3,58 V + 11,6% 
Rm = 13. Q + 10% 
n = 2000 rev/min 


T=1mNm 
R1 = 220 2 
R2’ = 82 Q 
R2” = 220 2 


When a diode (D = BA220) is connected is series with pin 1, then the expressions for R2 and Ep are: 


(Vref + Vp) x R1x (1+) 


k 
RQ = 
En — (R1 x Ig) — (Vref + VD) — Im (a ~ Rm) 
R1 R17, 1 
En= tm (4¢— Rm) +(Vret +V) {1 tap (1+) ] + R24 la 


Example: 


En = E2900 = 3,58 V + 11,6% 
Rm = 13 2 + 10% 

n = 2000 rev/min 

T=1mNm 

R1= 2202 

R2’ = 160 2 

R2” = 470 

D = BA220 
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eee eee eee eee 
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eae ee see 
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eee eeepc | 
Rae West alae leek eieles 
Po eal Would 
esl cellist ccslecdl atic ese cole gl 
see eae ees 
Pe slg eel l eae de alle decd sed 
gfe gece els eso Weal 
Fale ese ae 
Sites eae ee = 
; “See keatssseeee fal 
0,25 0,5 0,75 1 1,25 1,5 1,75 
T (mNm) 
Fig. 5 Variation in motor speed (n is revolutions per minute) as a function of the applied motor 
torque at Tampb = 25 °C. 
7Z86303 
is OB dG a YG) en 
An Reena eee eee 
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+25 eee to Welt Lope al. 
‘ Rave ee 
Pe ea eee pated ba 
ee}. dhe 
ee ak eee ees 
0 ee He Ser ee Ii 
ne See 
Pt eee 
Pola Ghee Tee! ee 
ee Seed pelo hostel oR 
25 aaa aes a 
ace) We Pe ee i Tee cf Ze 
ec Me eee ee a peed 4 
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Fig. 6 Variation in motor speed (n is revolutions per minute) as a function of the ambient temperature 
at T= 1 mNm nominal and Vp = 9 V. 

: with diode (D = BA220; see Fig. 4). 
SSS | : without diode. 
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7286305 
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Fig. 7a Vp=6V. 
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Fig. 7b Vp =9V. 
Fig. 7 Variation in motor speed (n is revolutions per minute) as a function of the ambient temperature 
without diode (D = BA220; see Fig. 4). 
-—— —- — —— > T=0,9mNm 
> T=1,0mNm 


ee :T=1,1mNm 
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GENERAL DESCRIPTION 


The circuit is intended to drive two phase stepping motors in full step as well in half step mode. The 
logic part is driven by four input stages: 


CL — a clock signal input stage 

F/H — to select the full step or half step mode 

CW/CCW — to select clockwise or counter clockwise direction 
STOP — to stop the motor after the last step is completed 


The input stages are TTL compatible. The circuit contains also a bi-level switch for bi-level voltage 
drive of the motorcoils. 

Moreover the circuit offers a constant current motordrive capability, independent of the i.c. supply 
and motordrive voltage. 


Features 


TTL inputs, all logic included 
Full/half step mode 

Bi-level output control 

Optimum system by external drivers 
Closed loop current control 

Free choice of motor supply voltage 
Wide i.c. supply voltage range 

One i.c. per motor 

Simple system design 


QUICK REFERENCE DATA 


Supply voltage range Vec 45to16 V 

Supply current (without load) Icc typ. 6,5 mA 
Output current (per output) lo > 50 mA 
Operating ambient temperature range Tamb —20 to +80 °C 


PACKAGE OUTLINE 
TEA1012P: 16-lead dual in-line; plastic (SOT-38). 
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TEA1012 


1 BI-LEVEL 


a 
: =, 
CL CLOCK sius 

STAGE 

F/A STEP MODE saat 

STAGE 
ROTATION 


CW/CCW MODE OUTPUT 


STAGE 


DISABLE 


STOP SWITCH 


Sy COMPARATOR ued 
So ; COMPARATOR — STABILIZER 


7Z280525.2 


T off 1 T off 2 Voc VEE 


Fig. 1 Block diagram. 


Pin designation 


1 TBL bi-level time adjustment 

2 Op. bi-level switch output 

3 34 current sense input 1 

4 Toff monostable period setting 1 

5 $9 current sense input 2 

6 Toff2 monostable period setting 2 

¢ Q4 DUIDEES TEA1012 

8 VEE negative supply (ground) 

9 Q3 output 3 

10 Q9 output 2 

11 Qy output 1 

12 STOP stop input (last step) 

13 CW/CCW direction contro! 

14 F/H full/half step mode control 

15 CL clock input (step freq.) err 
16 Vcc positive supply Fig. 2 Pinning diagram. 
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FUNCTIONAL DESCRIPTION 


I 


Clock input 
The leading edge of the clock input triggers the circuit. 


F/H Full/half step mode 
Determines full step or half step mode of operation. 


Full step active HIGH; Half step mode active LOW. 


CW/CCW Clock wise/Counter clock wise 
Input to determine the direction of rotation. 


CW active LOW; CCW mode active HIGH. 
Stop 

At LOW level the last output current combination is fixed and the other 
inputs are disabled. A step in progress will be finished. 


STOP 


Drive outputs to the motor current switches. 


Current sense inputs 1 and 2 
If the voltage-drop across the sense-resistor in the motor current loop 
exceeds 0,4 V the internal comparator will be activated. 


Monostable period settings 1 and 2 

After activation of the current sense comparator circuit a one-shot is 
triggered. The timing of this one-shot is determined by the R/C network 
connected to this pin. 


Bi-level switch output 
Output terminal to activate the external bi-level drive transistor (active 
is LOW). 


Bi-level time adjustment. 
The R/C network connected to this pin determines the on-time of the 
bi-level drive transistor. 


Positive supply to the circuit. 
Negative supply to the circuit (ground). 
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TRUTH TABLE 
Sequential logical states of the outputs in full step and half step mode. 


INPUTS OUTPUTS 
CL | F/H | CW/ccw | STOP | Q; Qo Q3 4 
half step mode ccw 
va 0 1 1 0 0 0 1 
J. 0 1 1 0 1 0 1 
a4 0 1 1 0 1 0 0 
Pa 0 1 1 0 1 1 0 
f 0 1 1 0 0 1 0 
iy 0 1 1 1 0 1 0 
va 0 1 1 1 0 0 0 
a 0 1 1 1 0 0 1 
half step mode cw 
bg 0 0 1 1 0 0 1 
x 0 0 1 1 0 0 0 
St 0 0 1 1 0 1 0 
of 0 0 1 0 0 1 0 
pa 0 0 1 0 1 1 0 
va 0 0 1 0 1 0 0 
ea 0 0 1 0 1 0 1 
x 0 0 1 0 0 0 1 


full step mode cw 

ve 1 0 1 1 0 0 1 

iy 1 0 1 1 0 1 0 

ee 1 0 1 0 1 1 0 

t 1 0 1 0 1 0 1 a 

Positive logic: 

full step mode ccw 1=H = HIGH state 

f 1 1 1 0 1 0 1 = the more positive voltage 

a 1 1 1 0 1 1 0 O=L=LOW state 

ah 1 1 1 1 0 1 0 =the less positive voltage 

oA 1 1 1 1 0 0 1 J = LOW to HIGH transition 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage Vcc max. 18 V 
Output voltage Q1 2 2 4, OBL. Totf1,2 Vo max. 18 V 
Input voltages VI max. Vcct+0,4 V 
Total power dissipation Prot max. 500 mW 
Storage temperature range T stg —40 to + 150 °C 
Operating ambient temperature range Tamb —20to +80 °C 


THERMAL RESISTANCE 
From crystal to ambient Rthea = 75 K/W 
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CHARACTERISTICS 
Vcc = 7,5 V, Tamb = 25 OC, unless otherwise specified. 


a (eee 


Supply voltage range 


Supply current 


Output current; Vcc = 7,5 V 


Output current; Vcc = 5 V 


Saturation output voltage 

lq = 30 mA 

lo = 50 mA; Voc > 7,5 V 
Pulse width factor (k x R x C) 


of chopper drive T off ,2 
of monostable Tay 


Output current ore 


Switching level of input stages 


Input current of input stages 
V, HIGH 


TEA1012 


0 50 100 150 200 
T(9C) 


| Fig. 3 Power derating curve. Fig. 4 IC output; motor drive stage. 


In case of driving the motor by a bi-level 
switch, resistor Rg and the low-pass filter 
can be omitted; inputs Sq and S9 should 
be connected to ground. 
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motor 
coils 


V, 10kQ T 
CC — off 1 


V, 10k T 
CC — off2 


V 
2,7 sil IP? nF EE 
‘f ‘7 ‘f 


CW/CCW CL F/H STOP 7Z80526.2 


Fig. 5 Application circuit diagram constant current mode. 
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motor 
i R6 
au 6 


V 


il 7 CW/CCW CL F/H STOP 7 7287932.1 


Fig. 6 Application circuit diagram bi-level mode. 


In case Vy < 18 V it is possible that V,, = Vcc. Then TR1 can be omitted and output Op, can be 
connected directly to the base of TR2 (dotted line). 
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16-LEAD DUAL IN-LINE; PLASTIC (SOT-38) 


22 max 


+ 8,25max ———» 


seating plane 


¥ 
—-— 


8,3 7255041.8 


an Positional accuracy. 
(M) Maximum Material Condition. 


(1) Centre-lines of all leads are 
within 0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


top view 


Dimensions in mm (2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


SOLDERING 


1. By hand 


Apply the soldering iron below the seating plane (or not more than 2 mm above it). 
If its temperature is below 300 °C it must not be in contact for more than 10 seconds; if between 
300 °C and 400 °C, for not more than 5 seconds. 


2. By dip or wave 


The maximum permissible temperature of the solder is 260 °C; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 
must not exceed 5 seconds. Ds 

The device may be mounted up to the seating plane, but the temperature of the plastic body must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis- 
sible limit. 


3. Repairing soldered joints 
The same precautions and limits apply as in (1) above. 
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GENERAL DESCRIPTION 


The TDA1023 is a bipolar integrated circuit for controlling triacs in the time proportional or burst 
firing mode. It permits very precise temperature control of heating equipment and is especially suited 
for the control of panel heaters. The circuit generates positive-going trigger pulses and complies with 
the regulations on radio interference and mains distortion. 


Special features are: 

adjustable proportional range width 

adjustable hysteresis 

adjustable trigger pulse width 

adjustable firing burst repetition time 

control range translation facility 

failsafe operation 

supplied from the mains 

provides supply for external temperature bridge 


| 


QUICK REFERENCE DATA 


Supply voltage (derived from mains voltage) Vcc typ. 13.7 V 
Stabilized supply voltage 

for temperature bridge VZ typ. 8 V 
Supply current (average value) l46(AV) _ tyP. 10 mA 
Trigger pulse width tw typ. 200 us 
Firing burst repetition time at C7 = 68 uF Th typ. 41s 
Output current —lop* max. 150 mA 
Operating ambient temperature range Tamb —20 to +75 °C 


* Negative current is defined as conventional current flow out of a device. A negative output current 
is suited for positive triac triggering. 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT-38). 
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Time Proportional Triac Trigger TDA‘1023 


PINNING 
Rod _ internal pull-down resistor connection 


—_ 


2 nc. not connected 
3 Qa output | 
4 HYS _ hysteresis control input 
5 PR proportional range control input 
6 Cl Control input | 
TDA1023 7 UR unbuffered reference input 
8 OR _ output of reference buffer 
9 BR buffered reference input 
10 PW pulse width control input 
11. Vz reference supply output 
12 TB firing burst repetition time control input 
13. VEE ground connection 
14 Vcc positive supply connection 
reboene 15 ne. not connected | 
Fig. 2 Pinning diagram. 16 RX external resistor connection 


FUNCTIONAL DESCRIPTION 


The TDA1023 generates pulses to trigger a triac. These trigger pulses coincide with the zero crossings 
of the mains voltage. This minimizes r.f. interference and transients on the mains supply. The trigger 
pulses come in bursts, with the net effect that the load is periodically switched on and off. This further 
minimizes mains pollution. The average power in the load is varied by varying the duration of the 
trigger pulse burst, in accordance with the voltage difference between the control input Cl and the 
reference input, either UR or BR. 


Power supply: Vcc, RX and Vz (pins 14, 16 and 11) 


The TDA1023 is supplied from the a.c. mains via a resistor Rp to the RX connection (pin 16). the 
Veg connection (pin 13) is connected to the neutral line (see Fig. 4a). A smoothing capacitor Cs has 
to be connected between the Vcc and Veg connections. 


The circuit contains a string of stabilizer diodes between the RX and Veg connections that limit the 
d.c. supply voltage, and a rectifier diode between the RX and Vcc connections (see Fig. 3). 


At pin 11 the device provides a stabilized reference voltage en for an external temperature sensing 
bridge. 


The operation of the siaoly arrangement is as follows. During the positive half of the mains cycles the 
current through external voltage dropping resistor Rp charges the external smoothing capacitor Cc 
until RX reaches the stabilizing voltage of the internal stabilizer diodes. Rp should be chosen such that 
it can supply the current I¢c for the TDA1023 itself plus the average output current I3(a\y) plus the 
current required from the Vz connection for an external temperature bridge, and recharge the | 
smoothing capacitor Cg (see Figs 9 to 12). Any excess current is bypassed by the internal stabilizer 
diodes. Note that the maximum rated supply current must not be exceeded. 


During the negative half of the mains cycles external smoothing capacitor Cs has to supply the sum of 
the currents mentioned above. Its capacitance must be high enough to maintain the supply voltage 
above the minimum specified limit. 
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FUNCTIONAL DESCRIPTION (continued) 
Dissipation in resistor Rp is halved by connecting a diode in series (see Fig. 4b and 9 to 12). 


A further reduction of dissipation is possible by using a high-quality voltage dropping capacitor Cp in 
series with a resistor Rop (see Figs 4c and 14). Asuitable VDR connected across the mains provides 
protection of the TDA1023 and of the triac against mains-borne transients. 


Control and reference inputs Cl, BR and UR (pins 6, 9 and 7) 


For room temperature control (5 °C to 30 °C) the best performance is obtained by using the 
translation circuit. The buffered reference input BR (pin 9) is used as a reference input, and the output 
of the reference buffer OR (pin 8) is connected to the unbuffered reference input UR (pin 7). In this 
arrangement the translation circuit ensures that most of the potentiometer rotation can be used to 
cover the room temperature range. This provides an accurate temperature setting and a linear 
temperature scale. 


If the translation circuit is not required, the unbuffered reference input UR (pin 7) is used as a 
reference input. The buffered reference input BR (pin 9) must be connected to the reference supply 
output V7 (pin 11). 

For proportional power control the unbuffered reference input UR (pin 7) must be connected to the 
firing burst repetition time control input TB (pin 12) and the buffered reference input BR (pin 9), 
which is inactive now, must be connected to the reference supply output V7 (pin 11). 


In all arrangements the train of output pulses becomes longer when the voltage at the control input 
Cl (pin 6) becomes lower. 


Proportional range control input PR (pin 5) 

With the proportional range control input PR open the output duty factor changes from 0% to 100% 
by a variation of 80 mV at the control input Cl (pin 6). For temperature control this corresponds with 
a temperature difference of only 1 K. 

This range may be increased to 400 mV, i.e. 5 K, by connecting the proportional range control input 
PR (pin 5) to ground. Intermediate values are obtained by connecting the PR input to ground via a 
resistor R5, see Table 1. 


Hysteresis control input HYS (pin 4) 

With the hysteresis control input HYS (pin 4) open the device has a built-in hysteresis of 20 mV. For 
temperature control this corresponds with 0.25 K. 

Hysteresis is increased to 320 mV, corresponding with 4 K, by grounding HYS (pin 4). Intermediate 
values are obtained by connecting pin 4 to ground via a resistor R4. See Table 1 for a set of values for 
R4 and R85 giving a fixed ratio between hysteresis and proportional range. 


Trigger pulse width control input PW (pin 10) 


The trigger pulse width may be adjusted to the value required for the triac by choosing the value of 
the external synchronization resistor Rg between the trigger pulse width control input PW (pin 10) 
and the a.c. mains. The pulse width is inversely proportional to the input current (see Fig. 13). 


Output QO (pin 3) 


Since the circuit has an open-emitter output, it is capable of sourcing current, i.e. supplying a current 
out of the output. Therefore it is especially suited for generating positive-going trigger pulses. The 
output is current-limited and protected against short-circuits. The maximum output current is 150 mA 
and the output pulses are stabilized at 10 V for output currents up to that value. 
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FUNCTIONAL DESCRIPTION (continued) 


Product Specification 


TDA1023 


A gate resistor Rg must be connected between the output Q and the triac gate to limit the output 
current to the minimum required by the triac (see Figs 5 to 8). This minimizes the total supply current 


and the power dissipation. 


Pull-down resistor Rod (pin 1) 


The TDA1023 includes a 1.5 kQ2 pull-down resistor Rod between pins 1 and 13 (Veg, ground 
connection), intended for use with sensitive triacs. 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage, d.c. 


Supply current 
average 
repetitive peak 
non-repetitive peak 


Input voltage, all inputs 

Input current, Cl, UR, BR, PW input 
Voltage on Rpg connection 

Output voltage, Q, QR, Vz output 


Output current 
average 
peak, max. 300 us 


Total power dissipation 
Storage temperature range 
Operating ambient temperature range 
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Vcc 


l46(AV) 
l46(RM) 
146(SM) 
V| 

l6: 7;9: 10 
V4 
V3:8:11 


—lIOH(AV) 
—lOH(M) 


Prot 
T stg 
Tamb 


max. 16 
max. 30 
max. 100 
max. 2 
max. 16 
max. 10 
max. 16 
max. 16 
max. — 30 
max. 700 
max. 500 
—55 to + 150 
—20to +75 


oC 
oC 
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CHARACTERISTICS 
Vcc = 11 to 16 V; Tamb = —20 to + 75 OC unless otherwise specified 


Product Specification 


TDA‘1023 


Ce ee 


Supply: Vcc and RX (pins 14 and 16) 


internally stabilized supply voltage 
at 14g =10mA Vcc. 12 13.7 


Variation with 146 AVcc/Alig | — 30 


Supply current at V1g.13 = 11 to 16 V; 
140 = 1 mA; f = 50 Hz; pin 11 open; 
V6-13 > V7-13; pins 4 and 5 open 6 _ _ 


pins 4 and 5 grounded 46 _ _ 


Reference supply output V7 (pin 11) 
for external temperature bridge 


Output voltage V41-13 — 8 
Output current —l44 a = 


Control and reference inputs Ci, BR and UR 
(pins 6, 9 and 7) 


Input voltage to inhibit the output V6-13 _ 7.6 
Input current at Vj = 4 V l6:7:9 —_ — 
Hysteresis control input HYS (pin 4) 
Hysteresis, pin 4 open AV5 9 20 
pin 4 grounded AVg _ 320 
Proportional range control input PR (pin 5) | 
Proportional range, pin 5 open AV5 50 80 
pin 5 grounded AV6 _ 400 
Pulse width control input PW (pin 10) 
Pulse width at lyg(RMS) = 1MA;f=50 HZ | ty 100 200 
Firing burst repetition time control input TB 
(pin 12) 
Firing burst repetition time, 
ratio to capacitor CT Tp/Cr 320 600 
Output of reference buffer OR (pin 8) 
Output voltage 
at input voltage V9.43 = 1.6 V V38.13 _ 3,2 
V9.13 = 4.8 V V3.13 — 4.8 
V9.13=8 V V8.13 _- 6.4 
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symbol 


Output Q (pin 3) 
Output voltage HIGH at —Ioy = 150 mA 
Output current HIGH 


Internal pull-down resistor Rog (pin 1) 
Resistance to Ver | 


Table 1. Adjustment of proportional range and hysteresis. 
Combinations of resistor values giving hysteresis > %4 proportional range. 


proportional proportional minimum maximum 
range range hysteresis hysteresis 

resistor R5 resistor R4 
nv | kQ 


Table 2. Timing capacitor Cy values. 
effective catalogue 
d.c. value specification number* 

7 


4 2222 016 90129 


— — 90131 
— 01590102 
— — 90101 
— — 90099 
— — 90098 


* Special electrolytic capacitors recommended for use with TDA1023. 
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Fig. 4 Alternative supply arrangements. 
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Fig. 15 The TDA1023 used in a 1200 to 2000 W heater with triac BT139. For component values 


see Table 3. 


Conditions 

Mains supply: Vg = 220 V 
Temperature range = 5 to 30 °C 
BT139 data: Ve7 < 1.5 V 


IGT >70mA ; at Tj) = 25°C 


IL <60mA 
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Table 3. Temperature controller component values (see Fig. 15). 


parameter symbol value remarks 
Trigger pulse width tw 75 ms see BT139 data sheet 
Synchronization resistor Rs 180 kQ. see Fig. 13 
Gate resistor RG 110 Q see Fig. 6 
Max. average gate current IZ(AV) 4.1mA see Fig. 8 
Hysteresis resistor R4 n.c. see Table 1 
Proportional band resistor R5 n.c. see Table 1 
Min. required supply current lW6(AV) 11.1 mA 
Mains dropping resistor Rp 6.2 kQ see Fig. 10 
Power dissipated in Rp Prp 4.6 W see Fig. 10 
Timing capacitor (eff. value) Cr 68 uF see Table 2 
Voltage dependent resistor VDR 250 V a.c. cat. no. 2322 593 62512 
Rectifier diode D1 BYW56 
Resistor to pin 11 R1 18.7 kQQ 1% tolerance 
NTC thermistor (at 25 °C) RNTC 22 kQQ B = 4200 K 
cat. no. 2322 642 12223 
Potentiometer Rp 22 kQ2 
Capacitor between pins 6 and 9 C1 47 nF 
Smoothing capacitor Cs 220 wF; 16 V 


If Rp and D1 are replaced by Cp and Rsp 


Mains dropping capacitor Cp 470 nF 

Series dropping resistor Rsp 390 02 see Fig. 14 

Power dissipated in Rsp PrRsp 0.6 W 

Voltage dependent resistor VDR 250 Vaz.c. cat. no. 2322 594 62512 
Notes 


1. ON/OFF control: pin 12 connected to pin 13. 
2. If translation circuit is not required: slider of Rp to pin 7; pin 8 open; pin 9 connected to pin 11. 


APPLICATION INFORMATION SUPPLIED ON REQUEST 
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GENERAL DESCRIPTION 


The TDA1024 is a bipolar integrated circuit delivering positive pulses for triggering a triac or a 
thyristor. It is primarily intended for use as a static switch to replace mechanical thermostats that 
switch resistive loads, such as: 

® central heating installations 

® washing machine heaters 

® water heaters 

® smoothing irons 


The TDA1024 provides its own d.c. supply and will supply an external circuit, e.g. a temperature 
sensing bridge. The circuit complies with the regulations on radio interference and mains distortion. 


Its main features are: 

@ adjustable trigger pulse width 

adjustable hysteresis 

supplied from the mains 

provides supply for external temperature bridge 
protected inputs and output 

low supply current, low dissipation 


QUICK REFERENCE DATA 


Supply voltage (d.c.) 


(internally derived from mains voltage) Vcc typ. 6.5 V 
Supply current (average value, unloaded) IRX(AV) max. 1.8 mA 
Output current HIGH —lIQH* max. 100 mA 
Output pulse width tw typ. 195 us 
Power dissipation (unloaded) P typ. 12 mW 
Operating ambient temperature range Tamb —20 to+80 °C 


* Negative current is defined as conventional current flow out of a device. A negative output current is 
suited for positive triac triggering. 


PACKAGE OUTLINE 
8-lead DIL; plastic (SOT-97A). 
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Vcc RX 


ZERO TDA1024 
CROSSING 


DETECTOR 


OUTPUT 
AMPLIFIER 


7Z80279 


Fig. 1 Block diagram. 


PINNING 
1 VEE ground 
2 Qa output 
3 HYS hysteresis control input 
4 REF reference input 
5 Cl control input 
6 PW pulse width control input 
oe 7 = RX external resistor 
Fig. 2 Pinning diagram. 8 Vcc positive supply 
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FUNCTIONAL DESCRIPTION 


The TDA1024 generates positive-going output pulses to trigger a triac. These trigger pulses coincide with 
the zero crossings of wo mains voltage. This minimizes r.f. interference and transients on the mains 


supply. 


Supply: Vee and RX (pins 8 and 7) 


The TDA1024 may be supplied by an external d.c. power supply connected to Vcc (pin 8), but usually 
it is supplied directly from the mains voltage. For this purpose the circuit contains a stabilizer diode 
between RX and V_ee that limits the d.c. supply voltage (see Fig. 4). An external resistor Rp has to be 
connected from the mains to RX (pin 7); VEE is connected to the neutral line (see Fig. 5a). A smooth- 
ing capacitor Cs has to be connected between Vcc and Vee. 


During the positive half of the mains cycles the current through external voltage-dropping resistor Rp 
charges the external smoothing capacitor Cs up to the stabilizing voltage of the internal stabilizer 
diodes. Rp should be chosen such that it can supply the current Icc for the TDA1024 itself plus the 
average output current —IQ(av), and recharge the smoothing capacitor Cs. Any excess current is 
bypassed by the internal stabilizer diode. Note that the maximum rated supply current must not be 
exceeded. 


During the negative half of the mains cycles external smoothing capacitor Cs supplies the circuit. Its 
capacitance must be high enough to maintain the supply voltage above 5 V, the minimum specified 
limit (see Fig. 10). 


Dissipation in resistor Rp is halved by connecting a diode in series (see Figs 5b and 11). 


A further reduction of dissipation is possible by using a high-quality voltage-dropping capacitor Cp in 
series with a resistor Rsp (see Figs 5c and 12). 


A suitable VDR connected across the mains provides protection of the TDA1024 and of the triac 
against mains-borne transients. 


Control and reference inputs Cl and REF (pins 5 and 4) 


The TDA1024 produces output pulses when the Cl input is at a higher potential than the REF input. 
For power control as a function of temperature the inputs may be connected as shown in Fig. 14. 


An input buffer circuit at the Cl input gives a high input impedance and a low output impedance. This 
makes the hysteresis of the circuit independent of the input voltage. 


Hysteresis control input HYS (pin 3) 


With the hysteresis control input HYS open the device has a built-in hysteresis of 20 mV. For 
temperature control this corresponds with a temperature difference of 0.25 K. . 


Hysteresis is increased to 300 mV, corresponding with a temperature difference of 4 K, by grounding 
HYS. Intermediate values are obtained by connecting HYS to ground via a resistor. 


Pulse width control input PW (pin 6) 


The output pulse width may be adjusted to the value required for the triac by choosing the value of the 
external synchronization resistor Rg between the pulse width control input PW and the a.c. mains. The 
pulse: width i is inversely PropeEtiones to the input current (see Fig. 13). 


Output Q (pin 2) 


Since the circuit has an open-emitter output, it is capable of sourcing current, i.e. supplying a current 
out of the output. Therefore it is especially suited for generating positive-going trigger pulses. The 
output is current-limited and protected against short-circuits. The maximum output current is 100 mA 
and. the output pulses are stabilized at 4 V for output currents up to that value. 
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FUNCTIONAL DESCRIPTION (continued) 
Output O (pin 2) (continued) 
A gate resistor Rg must be connected between the output O and the triac gate to limit the output 


current to the minimum required by the triac (see Figs 6 to 9). This minimizes the total supply current 


and the power dissipation. 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (d.c.) Vee max. 8 V 
Supply current 
average IRX(AV) max. 30 mA 
repetitive peak IRX(RM) max. 80 mA 
non-repetitive peak (t < 50 us) IRX(SM) max. 2A 
Input voltage (all inputs) Vy max. 8 V 
Input current (CI, REF, PW) Icy IRE: tIpyw max. 10 mA 
Output voltage HIGH Vo max. 8 V 
Output current 
average —IQH(AV) max. 30 mA 
peak, max. 300 us —IQH(M) max. 400 mA 
Total power dissipation Prot max. 225 mW 
Storage temperature range T stg —55 to +125 °C 
Operating ambient temperature range Tamb —20 to +80 °C 


7-49 


September 1985 


Signetics Linear Products | Product Specification 


Zero Crossing Triac Trigger -  § i TDA1024 


CHARACTERISTICS 
Vcc = 5 to 8 V; Tamb = —20 to + 80 OC unless otherwise specified. 


min. typ. max. unit 


Supply: Vcc and RX (pins 8 and 7) 
Internally stabilized supply voltage 
at IRX(AV) = 10mA Vcc 
variation with IRx AVcc/Alrx 
Supply current at Voc = 5.5 V; 
unloaded; f = 50 Hz; Vc) > VReF 
pin 3 open (minimum hysteresis) IRX(AV) 
Supply current increase 
pin 3 grounded (maximum hysteresis) | AlRx(Ay) 


Control and reference inputs Cl and REF 
(pins 5 and 4) 


Input current, Cl input, at Vc; > VReEF 
Input current, REF input, at Veer > Vcjl REF 


Hysteresis control input HYS (pin 3) 


Hysteresis, 
pin 3 open (minimum hysteresis) 


pin 3 grounded (maximum hysteresis) 


Pulse width control input PW (pin 6) 


Pulse width at !py (Rms) = 1 mA; 
Vcc = 5.5 V; f = 50 Hz 


Output Q (pin 2) 

Output voltage HIGH 
at —IOQH = 100 mA 
at —IoH = 1mMmA 

Output current HIGH 
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7280274 


VEE 


Fig. 4 Internal supply connections. 


(heater) 


a.c. mains 
voltage 
VS 


7280276 


(a) 


(heater) 


a.c. Mains 
voltage 
VS 
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(b) 


a.c. mains 
voltage 
VS 


Vcc: “Ae 
TDA1024 Q 


7Z80278 


(c) 


Fig. 5 Alternative supply arrangements. 
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Fig. 10 Maximum value of voltage-dropping resistor Rp as a function of minimum value of the current 
into RX with the mains supply voltage Vs as a parameter for the supply arrangements of Figs 5a and 
5b, and recommended value of smoothing capacitor Cs as a function of the current into RX for all 
three supply arrangements of Fig. 5. When Vcc is used to supply external circuitry such as a tempera- 
ture-sensing bridge, the current required by that external circuitry should be added to IRxmin- 
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Fig. 11 Power dissipated in voltage-dropping resistor Rp as a function of its value with the mains 


supply voltage Vs as a parameter, for the supply arrangements of Figs 5a and 5b. 
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Fig. 12 Power dissipated in voltage-dropping 
resistor Rsp and dropping capacitor Cp as a 
function of the minimum current into RX with 
the mains supply voltage Vs as a parameter, for 
the supply arrangement of Fig. 5c. When Vcc 
is used to supply external circuitry such as.a 
temperature-sensing bridge, the current 
required by that external circuitry should be 
added to IRxmin- 


Fig. 13 Synchronization resistor Rg as a 
function of required trigger pulse width ty 
with mains supply voltage Vs as a parameter. 
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Fig. 14 Typical application of the TDA1024 ina 1200 W thermostat covering the temperature range 5 


to 30 °C. For component values see Table 1. 


Conditions 
Mains supply voltage Vs(Rms) = 220 V 
Temperature range: 5 to 30 °C 


BT138 data: Vo7 <1.5V 
IGT > 70mA / at Tj = 25°C 
It <60mA 
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Table 1 
Temperature controller component values (see Fig. 14) 


parameter symbol value remarks 

Trigger pulse width tw 105 us see BT 138 data sheet 
Synchronization resistor 7 Rs 180 kQ see Fig. 13 

Gate resistor Rg 33 2 see Fig. 7 

Average output current lQ(Av) 3.7 mA 

Min. required supply current IRX(AV) 65mA 

Voltage-dropping resistor Rp 10 k&2 see Fig. 10 

Power dissipated in Rp PRp 3.2 W see Fig. 11 

Voltage dependent resistor VDR 250 V a.c. cat. no. 2322 593 62512 
Rectifier diode D1 BYW56 | 

NTC thermistor (at 25 °C) RnTc 22 kQ B = 4200 K 


cat. no. 2322 642 12223 
Smoothing capacitor Css 220 WF; 16 V 


SF LS LA AE NE ED NS SS NS AS NS I LE EE SS SL NE SE LT ES I  SOES SALE ND SIE SEND EIS CN SE SRE LENT SS NS SN NS ET NS A LN AS ND GS NE SU GSE SaeNNG: SNEED MAINED SII SNA SLOSS SAREROOID SERRE cSt 6! 


If Rp and D1 are replaced by Cp and Rsp 


Voltage-dropping capacitor Cp 270 nF 
Series dropping resistor Rsp 390 2 
Power dissipated in Rgp Prsp 190 mW 


Voltage dependent resistor VDR 250 V a.c. cat. no. 2322 594 62512 


7Z72627A 


7Z762464 “Sr 


Fig. 15 Gate voltage (VG) as a function of trigger 
current (lq) with gate resistor (RG) load lines. 


50 : (mA) 100 
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GENERAL DESCRIPTION 


The TEA1010 is a bipolar integrated circuit for switching and regulating lamps and other loads with a 
minimum of external components. It provides ON/OFF switching and a physiological power regulation 
(equal brightness steps). It is suited for touch plates and for switches, and may combine local and 
remote control. It produces negative pulses to drive a triac. The circuit is suited for resistive and for 
inductive loads, i.e. it is not only suited for dimming lamps but also for regulating motors in fans, 
vacuum cleaners, etc. 


The TEA 1010 and TEA1010T switch on at the maximum brightness level upon a brief touch of the 
contacts. 


The circuits feature: 

— Alternative ON/OFF switching by a brief touch of one or both contacts. 

— ON switching at minimum brightness by a long touch of one or both contacts. 

— Gradual change to maximum brightness during a long touch of the UP contact. 

— Gradual change to minimum brightness during a long touch of the DOWN contact. 
— No action during a long touch of both contacts in the ON state. 


QUICK REFERENCE DATA 


Supply voltage, d.c. (derived from mains voltage) Vec typ. 15 V 
Supply current Icc typ. 1 mA 
Output current lo max. 100 mA 
Firing phase range Y typ. 30° to 140° 
Time to change from minimum to maximum 

brightness, or vice versa ty typ. 3,8 $ 
Power dissipation in the ON state P typ. 19 mW 
Operating ambient temperature range Tamb Oto +85 °C 


PACKAGE OUTLINE 


TEA1010 : 8-lead DIL; plastic (SOT-97C2). 
TEA1010T: 8-lead mini-pack; plastic (SO-8; SOT-96AC1). 
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FUNCTIONAL DESCRIPTION 


The TEA1010 generates negative output pulses to trigger a triac. These output pulses are phase shifted 
with respect to the mains voltage. The amount of phase shift is determined by the difference between 
the initial states of two 7-bit counters. Both counters are driven by the same clock pulse generator. 
One of the counters is preset to a number determined by the required phase angle. The higher the 
required brightness, the smaller the required phase angle, the lower the number to which the counter 
is preset. The relation between brightness and preset number has been chosen so that almost equal 
brightness steps are obtained (physiological control). The minimum phase shift corresponds with 32 
clock pulses and the maximum with 160. 


Upwards and downwards regulation inputs UP and DN (pins 7 and 6) 


At 50 Hz mains frequency the device ignores signals with a duration of less than 80 ms and signals with 
a duration of 80 to 320 ms are accepted as brief commands, these cause the circuit to switch on and off 
alternatively. Signals that last longer than 320 ms are interpreted as long commands. A long command 
via the UP input causes the output phase angle to decrease, i.e. the brightness to increase gradually; a 
long command via the DN input has the opposite effect. A long signal on both inputs will switch on the 
lamp at minimum brightness. If the lamp is already on, a long signal on both inputs will have no effect. 


The UP and DN inputs may be activated by touch plates or by switches. For the input arrangements 
see Fig, 2. 


Slave input SLV (pin 2) 


The SLV input operates in the same manner as the UP and DN inputs, but with a two-wire connection, 
ideal for remote control. The SLV input is only suited for switches. For the arrangement see Fig. 3. 
If the SLV input is not used it must be connected to the load via a 1,5 MQ. resistor (see Fig. 4). 


Oscillator RC pin OSC (pin 1) 


The frequency of the clock pulse generator is determined by an external resistor and capacitor, both 
connected to the OSC terminal (see Fig. 4). The generator switches at levels equal to 1/6 and 1/2 of 
the difference between the injector voltage Vjnj and the supply voltage Vcc. The clock pulse period 
is about 50 us. 


Output O (pin 3) 


Since the circuit has an open-collector output, it is capable of sinking current, i.e. drawing a current 
into the output. Therefore it is especially suitable for delivering negative trigger pulses. 


The maximum output current is 100 mA. A gate resistor Rg must be connected between the output Q 
and the triac gate to limit the output current to the minimum required by the triac (see Fig. 4). This 
minimizes the total supply current and the power dissipation. 


A negative-going trigger pulse is generated at the output after every zero crossing of the mains voltage. 
The output pulse has a maximum duration of one clock pulse period, i.e. 50 us. To reduce the power 
dissipation the output pulse is terminated as soon as the triac has switched on. 


Supply Vcc and V_eg (pins 8 and 4) 


The TEA1010 is supplied from the a.c. mains via a capacitor Cp and a diode to Veg; Vcc is connected 
to the line (see Fig. 4). A smoothing capacitor Cg has to be connected between Vcc and Veg. The 
circuit contains a string of stabilizer diodes between Vcc and V_g that limit the d.c. supply voltage. 


During the positive half of the mains cycles the current through external voltage dropping capacitor 
Cp charges the external smoothing capacitor Cs up to the stabilizing voltage of the internal stabilizer 
diodes. Cp should be chosen such that itcan supply the current Icc for the TEA1010 itself plus the 
average output current I3(a\y), and recharge the smoothing capacitor Cs. 
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Any excess current is bypassed by the internal stabilizer diodes. Note that the maximum rated supply 
current must not be exceeded. 


During the negative half of the mains cycles external smoothing capacitor Cs supplies the circuit. Its 
capacitance must be high enough to maintain the supply voltage above the minimum specified limit. 


A supply voltage at Veg that is negative with respect to Vcc and the line is developed at the Ver pin. 
Note that in the characteristics the voltages are mainly measured with respect to Ver and not with 
respect to Vcc and the line. 


The circuit has an internal power-on reset, which forces the circuit into the OFF state. 


Synchronization input SYN (pin 5) 
The connection to the SYN input should be short and must be decoupled via a capacitor to Vcc (pin 8). 


PINNING 
OSC oscillator (RC) 
g SLV slave input 
osc | 1 | Q output 


VEE common 

synchronization input 

DN downward regulation input 
UP upward regulation input 
Vcc positive supply 


TEA1010 


CON OAR WN — 
op) 
~< 
= 


7289709 


Fig. 1 Pinning diagram. 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range, d.c. Vcc —0,5to +18 V 
Supply current, d.c. Icc max. 20 mA 
peak, max. 10 ys ICCM max. O05 A 

Input voltage range, all inputs V| —0,5 to +18 V 
Input current, all inputs + Ij max. 20 mA 
Output voltage range Vo —0,5 to +18 V 
Output current range lo —20 to + 150 mA 
Power dissipation Prot max. 250 mW 
Storage temperature range T stg —55 to+ 125 °C 
Operating ambient temperature range Tamb Oto +85 °C 
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CHARACTERISTICS 
Vcc =5 to 18 V; Tamb = 0 to + 85 OC 


es 


Supply Wee (pin 8) 
Internally stabilized supply voltage, 
at lcc = 1,5 to 20 mA 


Supply current at Vcc = 15 V, unloaded, 
OFF state 


ON state 


Power dissipation, unloaded, 
OFF state 


ON state 


Thermal resistance 
TEA1010 


TEA1010T (note 1) 
TEA1010T (note 2) 


Power-on reset threshold voltage 


Oscillator RC pin OSC (pin 1) 
Injector voltage 


Synchronization input SYN (pin 5) 
Input current (r.m.s. value) 


Upwards and downwards regulation 
inputs UP and DN (pins 7 and 6) 


Input voltage 


V6-4: V7-4 1 = = 


Input current —Ig; —l7 = 3 '5(rms) — 


Slave input SLV (pin 2) 
Input current 


Output O (pin 3) 
Output current 


Notes 
1. TEA1010T mounted on a ceramic substrate of 50 x 50 x 0,7 mm. 
2. TEA1010T mounted on a printed-circuit board of 50 x 50 x 1,5 mm. 
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DN VEE 
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TEA1010 Q 


neutral 


7289710.1 


Fig. 2 Alternative arrangements for the UP and DN inputs. 


UP 


DOWN 


neutral 


7Z89711 


Fig. 3 SLV input arrangement. 
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GENERAL DESCRIPTION 


The TEA1058 is.a bipolar integrated circuit for switching and regulating lamps and other loads with a 
minimum of external components. It provides ON/OFF switching and a physiological power regulation 
(equal brightness steps). It is suited for touch plates and for switches, and may combine local and 
remote control. It produces negative pulses to drive a triac. The circuit is suited for resistive and for 
inductive loads, i.e. it is not only suited for dimming lamps but also for regulating motors in fans, 
vacuum cleaners, etc. 


The TEA1058 and TEA1058T switch on at the level at which they were switched off. 


The circuits feature: 

— Alternative ON/OFF switching by a brief touch of one or both contacts. 

— ON switching at previous brightness by a long touch of one or both contacts. 

— Gradual change to maximum brightness during a long touch of the UP contact. 

— Gradual change to minimum brightness during a long touch of the DOWN contact. 
— No action during a long touch of both contacts in the ON state. 


QUICK REFERENCE DATA 


Supply voltage, d.c. (derived from mains voltage) Vcc typ. 15 V 
Supply current | Icc typ. 1 mA 
Output current lo max. 100 mA 
Firing phase range ~ typ. 30° to 140° 
Time to change from minimum to maximum 

brightness, or vice versa ty typ. 3,8 S 
Power dissipation in the ON state P typ. 19 mW 
Operating ambient temperature range Tamb Oto+85 °C 


PACKAGE OUTLINE 


TEA1058_ : 8-lead DIL; plastic (SOT-97C2). 
TEA1058T: 8-lead mini-pack; plastic (SO-8; SOT-96AC1). 
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FUNCTIONAL DESCRIPTION 

The TEA1058 generates negative output pulses to trigger a triac. These output pulses are phase shifted 
with respect to the mains voltage. The amount of phase shift is determined by the difference between 
the initial states of two 7-bit counters. Both counters are driven by the same clock pulse generator. 
One of the counters is preset to a number determined by the required phase angle. The higher the 
required brightness, the smaller the required phase angle, the lower the number to which the counter 
is preset. The relation between brightness and preset number has been chosen so that almost equal 
brightness steps are obtained (physiological control). The minimum phase shift corresponds with 32 
clock pulses and the maximum with 160. 


Upwards and downwards regulation inputs UP and DN (pins 7 and 6) 

At 50 Hz mains frequency the device ignores signals with a duration of less than 80 ms and signals with 
a duration of 80 to 320 ms are accepted as brief commands, these cause the circuit to switch on and off 
alternatively. Signals that last longer than 320 ms are interpreted as long commands. A long command 
via the UP input causes the output phase angle to decrease, i.e. the brightness to increase gradually; a 
long command via the DN input has the opposite effect. A long signal on both inputs will switch on the 
lamp at previous brightness. If the lamp is already on, a long signal on both inputs will have no effect. 


The UP and DN inputs may be activated by touch plates or by switches. For the input arrangements 
see Fig. 2. 


Slave input SLV (pin 2) 

The SLV input operates in the same manner as the UP and DN inputs, but with a two-wire connection, 
ideal for remote control. The SLV input is only suited for switches. For the arrangement see Fig. 3. 

If the SLV input is not used it must be connected to the load via a 1,5 MQ resistor (see Fig. 4). 


Oscillator RC pin OSC (pin 1) 

The frequency of the clock pulse generator is determined by an external resistor and capacitor, both 
connected to the OSC terminal (see Fig. 4). The generator switches at levels equal to 1/6 and 1/2 of 
the difference between the injector voltage Vinj and the supply voltage Vcc. The clock pulse period 
is about 50 us. 


Output O (pin 3) 

Since the circuit has an open-collector output, it is capable of sinking current, i.e. drawing a current 
into the output. Therefore it is especially suitable for delivering negative trigger pulses. 

The maximum output current is 100 mA. A gate resistor Rg must be connected between the output O 
and the triac gate to limit the output current to the minimum required by the triac (see Fig. 4). This 
minimizes the total supply current and the power dissipation. 

A negative-going trigger pulse is generated at the output after every zero crossing of the mains voltage. 
The output pulse has a maximum duration of one clock pulse period, i.e. 50 us. To reduce the power 
dissipation the output pulse is terminated as soon as the triac has switched on. 


Supply Vcc and V_g (pins 8 and 4) 


The TEA1058 is supplied from the a.c. mains via a capacitor Cp and a diode to VEE; Vcc is connected 
to the line (see Fig. 4). A smoothing capacitor Cs has to be connected between Vcc and Veg. The 
circuit contains a string of stabilizer diodes between Vcc and V_g that limit the d.c. supply voltage. 
During the positive half of the mains cycles the current through external voltage dropping capacitor 

Cp charges the external smoothing capacitor Cs up to the stabilizing voltage of the internal stabilizer 
diodes. Cp should be chosen such that it can supply the current Icc for the TEA1058 itself plus the 
average output current !3(a\y), and recharge the smoothing capacitor Cs. 
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Any excess current is bypassed by the internal stabilizer diodes. Note that the maximum rated supply 
current must not be exceeded. | 


During the negative half of the mains cycles external smoothing capacitor Cs supplies the circuit. Its 
capacitance must be high enough to maintain the supply voltage above the minimum specified limit. 


A supply voltage at Ver that is negative with respect to Vcc and the line is developed at the Veg pin. 
Note that in the characteristics the voltages are mainly measured with respect to Vege and not with 
respect to Vcc and the line. a | | 7 

The circuit has an internal power-on reset, which resets the brightness to minimum and forces the cir- 
cuit into the OFF state. | | 


Synchronization input SYN (pin 5) 
The connection to the SYN input should be short and must be decoupled via a capacitor to Vcc (pin 8). 


PINNING 


OSC oscillator (RC) 

SLV slave input 

0. output 

VEE common 

synchronization input 

DN downward regulation input 
UP upward regulation input 
Vcc positive supply 


CON OO BR WN — 
re) 
~< 
Zz 


7Z89709.A 


Fig. 1 Pinning diagram. 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range, d.c. | Vcc —0,5 to +18 V 
Supply current, d.c. lcc max. 20 mA 
peak, max. 10 us ICcm max. O05 A 

Input voltage range, all inputs vy —0,5 to +18 V 
Input current, all inputs | + ly max. 20 mA 
Output voltage range Vo —0,5 to +18 V 
Output current range lo —20 to + 150 mA 
Power dissipation Prot max. 250 mW 
Storage temperature range Tstg —55 to+ 125 °C 
Operating ambient temperature range Tamb Oto +85 °C 
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CHARACTERISTICS 
Vcc =5 to 18 V; Tamb = 0 to + 85 OC 


Supply Vcc (pin 8) 


Internally stabilized supply voltage, 
at Icc = 1,5 to 20 mA Vec 13,3 15 16,8 V 


Supply current at Vcc = 15 V, unloaded, 
OFF state 


ON state 


Power dissipation, unloaded, 
OFF state 


ON state 


Thermal resistance 
TEA1058 Rth j-a ~ 162 — K/W 


TEA 1058T (note 1) Rthj-a - 140 z K/W 
TEA1058T (note 2) | 


Power-on reset threshold voltage 


Oscillator RC pin OSC (pin 1) 


Injector voltage 


Synchronization input SYN (pin 5) 
Input current (r.m.s. value) IS (rms) 3 = — uA 


Upwards and downwards regulation 
inputs UP and DN (pins 7 and 6) 


Input voltage V6-4; V7-4 1 — — V 


Input current —lg;—l7 — 3 !5(rms) — LA 


Slave input SLV (pin 2) 
Input current 


Output O (pin 3) 
Output current 


Notes 
1. TEA1058T mounted on a ceramic substrate of 50 x 50 x 0,7 mm. 
2. TEA1058T mounted on a printed-circuit board of 50 x 50 x 1,5 mm. 
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UP 


TEA1058 
DN 


UP 
TEA1058 


DN VEE 


R between 1502 and 390kQ 


TEA1058 Q 


neutral 


7Z89710.1A 


Fig. 2 Alternative arrangements for the UP and DN inputs. 


UP 


neutral 


7Z89711.A 


Fig. 3 SLV input arrangement. 
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(1) The connection to the SYN input should be short and must be decoupled near to pins 5 and 8. 


(2) For example, Vakuumschmelze FD 2.5 1N1 KN. 


Fig. 4 Touch-controlled lamp dimmer circuit for max. 450 W. L1 and C1 form a radio- 


frequency 


interference filter with a quality factor Q of less than 1. This filter is necessary to satisfy the 


regulations of C.1.S.P.R. and V.D.E. 
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PCF8570/70A 256: XB Static RAW sisidecsiccsescacssezisceeswncescuseonscuescovns ceeeseuddavtedssaveessuececes’s 
PCD8571 TI Serial: RAW weve csedcecectinscccncacsccwcsawteteceecacaascesesvondaseavaneeavsasonaueeseumes 
PCF8574 8-Bit Remote 1/0 Expander .........ccccccsscccsnnnccccccccseuccenscssenenenssuscanseuncseus 
$AA1300 VIGGO: SW ssiiiccceaccctncccciracsnenscixskeccGudeteceacndevaalveusedarvecesiescnneinacveccsens 
SAB1164 IGHZ Divide DY 64 icscacinsswiccdcsccsensacevessacensieccccadacdeavadecerdssencecavacseaceutees 
SAB1165 1GH2Z DIVIKG: DY G4 wes iacsiccicedaciccciesciaseoseccanesiedsteeeseieiilsneteoescawssentassiien 
SAB 1256 IGHZ DiVid@ DY 256 si ieiccis cccsnsetsccascccescecacncessscuactacesseuscasecacduasevacectsares? 
$AB3013 Six Function Analog Memory (6-Bit D/A Converter) ............cscessceescneecesees 
SAB3035 PLE EV TURING CUCU casscieiiuvenspxeyeesiewveussacedscnssseeeveltussceveetsavacnnecevesuass 
SAB3036 FLL TV Teaming: Circult crecercossciceesce cited ccetiar vee cncdesataai peste dedeedeaunousaneaees 
$AB3037 ELE. TV: TUNING CCUG viiecccise ccdescccadacaassdinncscesutnsiasacesvisssissauasdexesansenvees 
TDAO820T Balanced Modulator/Demodulator ..........cccsecccsesesscecuccestsscsecsceccususvenserens 
TDA5030 VHF MIXGr-OSCIIAION coe isckcivaciseeinivecd cate iiuanadaltesdsotaascecseesseteecabinevensaeviaes 
TDD1742T CMOS Frequency Synthesizer (LOPSY)..........ccssescsccccecesvensccsccscrensssesctoes 
Video I.F. 
TDA2540 ViGOO LEAP TU oicdiacaceewsiesesarccnsciedats caivartssenscemeasac edna udasatacersoxascenmasacan 
TDA2541 VIKG@O LESAPT cociscccccvcctecnsceccansuesecdvcsceweptestues Sctaaa cadunahoaaieasawsniasancnseaan’ 
TDA3806 TV-Stereo Sound Decoder (Zenith Format) ...........s.sesseee scavamauausndesbeceries 
TDA3807 Second Audlo Program ........ccecccscscessscscscececscencnccecescscncnssestscncnenceneesesce 
TDA4501 Small Signal Combination IC for Color TV........cccssescccscnsnvccccencscensecesceaes 
TDA4502 Complete Video I.F. IC with Vertical and Horizontal Sync.............ccceeereses 
TDA4503 Small Signal Combination for Monochrome TV............cccessueccsenscccsrensacees 
Sound |.F. and Special Audio Decoding 
TBA120U Sound I.F. Amplifier/Demodulator for TV..............:cscsccscecscssecenceseanenenanes 
TDA2545A Quasi-Split Sound Circult .........ccssscccccncccnsccesssccccssvccccseccscossensecenasersenses 
TDA2546A Quasi-Split Sound I.F. with Sound Demodulator...........ccscscsssccnscensscvcnseses 
TDA2555 Dual TV Sound Demodulator Circuit ............ccscccsscscccsessecscenceenscccsusencecce 
Sync Processing and Generation 
TDA2577A Sync Circult with Vertical Oscillator and Driver...........cccssseeccsccecceenseuceses 
TDA2578A Sync Circuit with Vertical Oscillator and Driver...........cseccccccssecsecnescseccses 
TDA2579 Sync Circuit with Vertical Oscillator and Driver (with Horizontal Output) ... 
TDA2593 Horizontal Combination ...........ccccccecccnccccncccssccccsccnssnscccsssccccasscusccnasenees 
TDA2594 Horizontal: COMBINGUON éisécscsices ace ses aseaennceevasatesectocs ccdveceedecdadudaasevedeent 
TDA2595 Horizontal Combination .........cccsceccscccccncnnsccccsccscccsccassscnccosessnancsccscsncacas 
SAA1043 Universal Sync Gernerator..........cccccccnsnnsccessccccecscccecccensenceccusceacseucesccuses 
SAA1044 SUBCAPIOr: COUDG scicssccccinscacvetansecaccagssndcedsvniecdassedscsscurdseadidencpatedetessics 
Color Decoding and Encoding 
TDA2501 PALINTSGC: EnGOGG6 sss cain icccsncscse danse sdesssassbacenwesscns dee ccuaccasasdecauitacacedsces 
TDA3505 Chroma: Control: ChHCUI esses conccsaveccksewsdeaa ses ces tuaaanastenccnanscevatendidadecteasaacs 
TDA3562A PAL/NTSC: DOGOGGE siciiocic tee dccarenecdeveccdecicnccestdsecstassCencateredsunadeseneinessbies 
TDA3563 NTSC Decoder with RGB Inputs ............ssccscscncsceresscceorsscsensnasseessuaseceess 
TDA3564 NTSC  DOCOGOE oo csccu i tises dvctectenaedeniaas Sens cdesdacaacaeteasiens asd aniintwadeebiandeeueveaps 
TDA3568 Monolithic Integrated Delay Line and Filter Combination for NTSC 
Televislon ROCCIVCIS oc cisieccccsciccennsetsescucosesoncvenccsutucecvecardseetetsauensseceessene 
TDA4555/56 Multistandard DeCOdOl ésciicecccciscsccccvcsesstscvecescsecetceccsccccsdiewstensessvdseasensas 
TDA4560 Color Transient Improvement Circult ...........cscccssccccsnscccncuscccessccnsccncceeese 
TDA4580 Video Control with Two RGB. and Color Difference Inputs .................000. 
TEA2000 RGB to NTSC/PAL Encoder ..........cccsecsccssennccccsscscccnsscccusucsccccconsscconceses 
NE5150 RGB Video D/A Converter .........ccscssscssccsscscccscnsccesceccsrscusseccsccacconccveness 
Vertical Deflection 
TDA2653A Vertical DefleCuon <..ié. cescecewscescaiseressasiceissacncacccasiveacediedesaaschdsdatseneses dens 
TDA3651A/AQ/3653 Vertical | DetleCHon issick sens cassavesvcedewadeseiesavcetssecesvicdicwesecisagvotsesccnespeasteate 
TDA3652 Vertical Dee Chon aasiissss cc ins ca esacescesncceycesen cesiecessevesscseversssccpeewenceeadausees 
TDA3654 NTSC: DOCOGON oases cascksnicc cnt custecencccvctsiinen eeeis eesti eeeecscncetewesaertanaweaans 
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Section 8 


Video 
Videotex/Teletext 
SAA5025D 525 Line Teletext Timing Chalim.............ssscseccccescnessncnescscsecscnnensccsensnasens 5 — 433 
SAA5030 Teletext: VidGO: ProCO SOO isis vesiiics Sesscinccesecsevdsncswessbnspcivadasanectissancnecswagnee 5 - 450 
SAA5040 Teletext Acquisition and Control Circuit ...........ssccssseccsessssececeesonsesseeeeees 5 - 460 
SAA5045 Gearing and Address Logic Array (GALA) ........sscssscescscsscsesssnccscecnceccaseas 5 - 479 
SAA5050/55 Teletext Character Gemerator........ccscsccssesscnscccscecssunesesansecansacncscusncsceeon 5 - 486 
$AA5070 Microcomputer/Microprocessor Peripheral for Viewdata ..............sscssesssse 5 ~ 503 
$AA5230 Advanced Video Processor ..........cscsccssenccsesccesscccsccnunenussnscconensensenensous § = 532 
SAA5240 Microprocessor Controlled Teletext Circuit ...........csssscsessecsesecssvscesensesens 5-541 
SAA5350 Advanced Display Controller (625 Line System) ...........cccssesescsecnscsceececees 5 — 567 
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Explanation Of Terms 


Anti-Top Flutter Pulse: Disables the phase detector during equalization and framing times. 
Black Current Stabilizer: !s an adjustment on each gun (R,G,B) for setting the leakage current when the gun is in the off 


Black Level Noise: 


condition. If this is not adjusted, you will get background discoloring. The leakage is measured via 
sensing resistors. 


Is very similar to a white spot noise spike except it is in the opposite, or black level, direction. 


Breakthroughs: Are unwanted signals present at the output. 

CVS: Composite Video Signal. The signal carrying information for brightness (black & white), color, and 
synchronization of scan. 

Hue: Tint, or color-yellow, blue, violet, orange. 

NTSC: National Television Standards Committee. This group defines T.V. technical standards of 
broadcasting. (U.S.A. system). 

PAL: Phase Alternate Line. The primary T.V. system used in Europe. 

Peaking: Is a technique whereby a little overshoot is induced on a waveform (usually a pulsed wave) for the 
purpose of realizing better definition, or sharpness, in a picture. 

Pulling: Is caused by part of the signal from the R.F. input affecting the horizontal oscillator. The top of the 
picture ''pulls'' to one side. 

RGB: Three signals, Red, Green, and Blue (with luminance information), that are sent to a color CRT to 


R-Y, B-Y, G-Y 


Sandcastie Pulse: 


Y Signal 


produce the color image. 
Red (R), blue (B), or green (G) color saturation signal without the luminance (-Y) signal. 


Is used to synchronize the burst keying signal, the horizontal flyback pulse, and the vertical flyback 
pulse. This is a waveform generated internally by the sync processor and then output to the color 
decoder. 


Luminance signal or brightness signal that determines the brightness of each spot on the face of 
the picture tube of monochrome receivers. It is a D.C. level. 
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256 x 8 Static RAM PCF8570/70A 


GENERAL DESCRIPTION 


The PCF8570 is a low power 2048-bit static CMOS RAM organized as 256 words by 8-bits. Addresses 
and data are transferred serially via a two-line bidirectional bus (17C). The built-in word address register 
is incremented automatically after each written or read data byte. Three address pins AO, A1, A2 are 
used for programming the hardware address, allowing the use of up to eight devices connected to the 
bus without additional hardware. 

In the PCF8570A the hardware address pin AO is don’t care. 


Features 
®@ Operating supply voltage 2,5 Vto6V ®@ Serial input/output bus (17C) 
@ Low data retention voltage min. 1,0 V @ Address by 3 hardware address pins 
@ Low standby current max. 15 uA @ Automatic word address incrementing 
@ Power saving mode typ. 50 nA ® 8-lead DIL package 
Applications 
@ Telephony RAM expansion for stored numbers in repertory dialling 
(e.g. PCD3343 applications) 
® Radio and television channel presets 
@ Video cassette recorder 
@ General purpose RAM expansion for the microcomputer families MAB8400 
and PCF84C00 | 
PCF8570 wen 
PCF8570A ADDRESS ROW . MEMORY 
REGISTER SELEGE CELL 
ARRAY 
AO 
Al 
A2 
SCL INPUT 2c COLUMN 
R/W 
Vob 
Vs 
TEST 


7290775 


Fig. 1 Block diagram. 


PACKAGE OUTLINE 
PCF8570P: 8-lead DIL; plastic (SOT-97A). 
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256 x 8 Static RAM PCF8570/70A 
PINNING 

1to3 A0OtoA2 address inputs 
4 Vss negative supply 
5 SDA serial data line | I2C bus 
6 SCL serial clock line | 
7 TEST test input for test speed-up; must be connected to Vss when not in use 

(power saving mode, see Figs 14 and 15) 

8 VDD positive supply 


PCF 8570 


7Z87034.A 


Fig. 2 Pinning diagram. 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range (pin 8) Vpp —0,8to+8,0 V 
Voltage range on any input V| —0,8 to Vpp + 0,8 V 
D.C. input current (any input) tly max. 10 mA 
D.C. output current (any output) tlo max. 10 mA 
Supply current (pin 4 or pin 8) tIpnp; Iss max. 50 mA 
Power dissipation per package Prot max. 300 mW 
Power dissipation per output P max. 50 mW 
Storage temperature range Tstg —65 to + 150 °C 
Operating ambient temperature range Tamb —40 to+ 85 °C 
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296 x 8 Static RAM PCF8570/70A 


CHARACTERISTICS 
Vpp = 2,5 to 6 V; Vss = 0 V; Tamb = —40 to + 85 OC unless otherwise specified 


Supply 
| Supply voltage Vpp 2,5 _ 6 V 


Supply current at fgc_ = 100 kHz; 
V);=Vss or Vpp 


operating IDpD —_ — 200 LA 

standby IDpo = — 15 MA 

standby at Tamb = —25 to+ 70°C | Ippo _ ~ 5 BA 
Power-on reset voltage level * VPOR 1,5 1,9 2,3 V 


Input SCL; input/output SDA 


Input voltage LOW** VIL —0,8 — 0,3 x Vpp V 
Input voltage HIGH** VIH 0,7xVpp | - Vpp + 0,8 V 
Output current LOW 

at Vo, = 0,4 V lOL 3 — — mA 
Output leakage current HIGH 

at Voy = Vpp lOH — — 250 nA 
Input leakage current (AO, A1, A2) 

at Vj} = Vpp or Vss +1, — — 250 nA 
Clock frequency (Fig. 7) foc 0 _ 100 kHz 
Input capacitance (SCL, SDA) 

at Vj = Vss 7 pF | 
Tolerable spike width on bus 100 ns | 
LOW Vpp data retention | 
Supply voltage for data retention 6 V | 
Supply current at VppR = 1V 5 LA 
Supply current at Vopr = 1 V; 

Tamb = —25 to + 70 °C 2 pA 
Power saving mode (Figs 14 and 15) 
Supply current at Tamb = 25 °C; 

TEST =Vppr 400 nA 


* The power-on reset circuit resets the |?C bus logic when Vnp < Vpor. 


** |f the input voltages are a diode voltage above or below the supply voltage Vpp or Vss an input 
current will flow; this current must not exceed + 0,5 mA. 
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256 x 8 Static RAM PCF8570/70A 


CHARACTERISTICS OF THE I’C BUS 


The I?C bus is for 2-way, 2-line communication between different ICs or modules. The two lines are 

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 


Bit transfer 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 


oe 1 eS a a 


| 

| data line | change 

| stable : | of data 

| data valid | allowed 7287019 


Fig. 3 Bit transfer. 


Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 


iti ondition 
start condition stop c 7287005 


Fig. 4 Definition of start and stop conditions. 
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256 x 8 Static RAM PCF8570/70A 


System configuration 


A device generating a message is a ‘‘transmitter’’, a device receiving a message is the ‘receiver’. The 
device that controls the message is the ‘‘master’’ and the devices which are controlled by the master 
are the ‘‘slaves’’. 


SDA 
SCL 


MASTER 
TRANSMITTER/ TRANSMITTER / TRANSMITTER/ 
RECEIVER RECEIVER RECEIVER 


7Z87004 


Fig. 5 System configuration. 


Acknowledge 


The number of data bytes transferred between the start and stop conditions from transmitter to 

receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 

bit isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has 
been clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line 
during the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of 

the acknowledge related clock pulse, set-up and hold times must be taken into account. A master 
receiver must signal an end of data to the transmitter by not generating an acknowledge on the last 

byte that has been clocked out of the slave. In this event the transmitter must leave the data line HIGH 
to enable the master to generate a stop condition. | = 


start clock pulse for 
condition acknowledgement 


SCL FROM 
DATA OUTPUT = \ _ PT 
BY TRANSMITTER | 
DATA OUTPUT —- 
BY RECEIVER 


7Z87007 


Fig. 6 Acknowledgement on the I?C bus. 
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256 x 8 Static RAM PCF8570/70A 


Timing specifications 

Within the !?C bus specifications a high-speed mode and a low-speed mode are defined. The device 
operates in both modes and the timing requirements are as follows: 

High-speed mode 


Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in Fig. 7. 


SDA 


SCL 


BUF 


— >! tHp; STA <_ 
tlow “*— > — 
upeoAT: 


7287013 'SU;STA 'su;STO 
Fig. 7 Timing of the high-speed mode. 
Where: 
tBuUF t2>tLowmin The minimum time the bus must be free before a new 
| | transmission can start 
tHD: STA t 2 tHIGHmin Start condition hold time 
tLowmin 4,7 us Clock LOW period 
tHiGHmin 4 us Clock HIGH period 
tsu: STA t 2 tLOwmin Start condition set-up time, only valid for repeated start code 
tHD: DAT t20 us Data hold time 
tsuU: DAT t 2 250 ns Data set-up time 
tr t<1 us Rise time of both the SDA and SCL line 
te t < 300 ns Fall time of both the SDA and SCL line 
tsu; STO t2>tLOWmin Stop condition set-up time 
Note 


All the timing values refer to Vj} and Vj,_ levels with a voltage swing of Vgs to Vpp. 
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296 x 8 Static RAM PCF8570/70A 


Ae LAL. AK? UL. J LS 


START ADDRESS R/W_ ACK DATA ACK START ADDRESS R/W ACK STOP 


Fig. 8 Complete data transfer in the high-speed mode. 


Where: 
Clock tLowmin 4,7 us 
THIGHmin 4 ps 
The dashed line is the acknowledgement of the receiver 
Mark-to-space ratio 1:1 (LOW-to-HIGH) 
Max. number of bytes unrestricted 
Premature termination of transfer allowed by generation of STOP condition 
Acknowledge clock bit must be provided by the master 
Low-speed mode 


Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 us 
and a minimum HIGH period of 365 us. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed 
timing is shown in Fig. 9. 


SDA i 8 


<«— tpaur —| 


— > t LOW <_ —_ were 


SDA 


——"' tsyu-sta *+— aad oo 


tsu;STO 


7287015 


Fig. 9 Timing of the low-speed mode. 
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256 x 8 Static RA PCF8570/70A 


Timing specifications (continued) 


Where: 

tBUF t > 105 us (tLOWmin) 
tHD; STA t > 365 us (tH|GHmin) 
tLOW 130 us + 25 ws 

tHIGH 390 ys + 25 us 

tsu: STA 130 us + 25 us * 

tHD; DAT t> Ous 

tsU: DAT t > 250 ns 

tr t< ys 

te t< 300 ns 

tsu: STO 130 us + 25 us 

Note 


All the timing values refer to Vj}4 and Vj ,_ levels with a voltage swing of Vgs to Vpp. For definitions 
see high-speed mode. 


i oes aMaaNT, Coeeer’ Sismunes (Ee ONE (or & 


Lee nner ec nneeeeememenneeentenettceeeeeenensel Nunreeeeerin—nsscinresemml «amped 


ee ee 1 eT Leeeemeed 
START START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE = STOP 
CONDITION ACKNOWLEDGE START CONDITION: 
CONDITION 7287016 


Fig. 10 Complete data transfer in the low-speed mode. 


Where: 
Clock tLoWmin 130 us + 25 us 
tHIGHmin 390 ys + 25 ys 
Mark-to-space ratio 1: 3 (LOW-to-HIGH) 
Start byte 0000 0001 
Max. number of bytes 6 
Premature termination of transfer not allowed 
Acknowledge clock bit must be provided by master 
Note 


The general characteristics and detailed specification of the |?C bus are described in a separate data 
sheet (serial data buses) in handbook ‘ICs for digital systems in radio, audio and video equipment”. 


* Only valid for repeated start code. 
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256 x 8 Static RAM PCF8570/70A 


Bus protocol 


Before any data is transmitted on the |?C bus, the device which should respond is addressed first. The 
addressing is always done with the first byte transmitted after the start procedure. The I?C bus 
configuration for different PCF 8570 READ and WRITE cycles is shown in Fig. 11. 


acknowledge acknowledge acknowledge 
from slave from slave from slave 


! ! 


(S| SLAVE ADDRESS 0 WORD ADDRESS DATA fal P 


R/W L_______p bytes 


auto increment 


7Z87031.1A 
memory word address 


Fig. 11(a) Master transmits to slave receiver (WRITE mode). 


acknowledge acknowledge acknowledge acknowledge 
from slave from slave from slave from master 


SLAVE ADDRESS 0 WORD ADDRESS al S| SLAVE ADDRESS 1 DATA ae 


n bytes asi 


SE al 


at this moment master 


R/W transmitter becomes R/W 
master receiver and ; 
PCF 857 slave receiver pce 
7290778 becomes slave transmitter 


no acknowledge 
from master 


4. oe 


t____— last byte —j 


auto increment 
word address 


Fig. 11(b) Master reads after setting word address (WRITE word address; READ data). 


acknowledge acknowledge no acknowledge 
from slave from master from master 


[s] Sentosa [a] eT 


R/W Ly om —If L_____.___ Jast byte ott 


auto increment auto increment 
7290777 word address word address 


Fig. 11(c) Master reads slave immediately after first byte (READ mode). 
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296 x 8 Static RAM | PCF8570/70A 


APPLICATION INFORMATION 


The PCF8570 slave address has a fixed combination 1010 as group 1, while group 2 is fully 
programmable (see Fig. 12). 


_ group 1 ee) ee group 2 ——> 7Z287030.1 


Fig. 12 PCF8570 address. 


Note 


PCF8570A version: the slave address AO state is X (don’t care), however, the hardware address AO input 
must still be connected to Vss or Vpp. 


Vop 
SDA MASTER 
; sc. TRANSMITTER 
, SCL 
0 PCF8570 y 
y 1010° 
0 


TEST 


Vpp up to 8 PCF 8570 
without additional 
0 PCF8570 hardware 
y ‘1010' 
0 


TEST 


PCF8570 


‘1010’ R: pull-up resistor 


t 


Ceus 


TEST rise 


20h -2Cr 7290774 
(12. bus) 


Fig. 13 PCF8570 application diagram. 


Note 
AO, A1, and A2 inputs must be connected to Vpp or Vsg but not left open. 
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256 x 8 Static RAM PCF8570/70A 


POWER SAVING MODE 
With the condition TEST = Vppr, the PCF8570 goes into the power saving mode. 


Fe ae ee ce EE power saving mode —_—_____—_—_——-» operating mode 


TEST 
SCL 
SDA 
Vop 
lDD 
lpDp / 
amis lan 7150S 
7290773 
Where: 
tsy 2 4 us Fig. 14 Timing for power saving mode. 
tup 24us 
+5V 
+| “DDR 
1,2V 
| (NiCd) 
GA 
7290776 


Fig. 15 Application example for power saving mode. 


Note to Fig. 15 


1, In the operating mode, TEST = 0. 
2. In the power saving mode, TEST = Vppr:. 
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256 x 8 Static RAM ~ PCF8570/70A 


Purchase of Philips’ I?C components conveys a license under the 
Philips’ IC patent to use the components in the I?C-system 
provided the system conforms to the I?C specification defined 
by Philips. , 
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4K Serial RAM PCD8571 


GENERAL DESCRIPTION 


The PCD8571 is a low power 1024-bit static CMOS RAM organized as 128 words by 8-bits. Addresses 
and data are transferred serially via a two-line bidirectional bus (1?C). The built-in word address register 
is incremented automatically after each written or read data byte. Three address pins AO, A1, A2 are 
used for programming the hardware address, allowing the use of up to eight devices connected to the 
bus without additional hardware. 


Features 
® Operating supply voltage 25Vto6V ® Serial input/output bus (12C) 
@ Low data retention voltage min. 1,0 V @ Address by 3 hardware address pins 
@ Low standby current max. 5uA @ Automatic word address incrementing 
@ Power saving mode typ. 50nA @ 8-lead DIL package 
Applications 
® Telephony RAM expansion for stored numbers in repertory dialling 
(e.g. PCD3340 applications) 
@ Radio and television channel presets 
@ Video cassette recorder | 
@ General purpose RAM expansion for the microcomputer families MAB8400 


and PCF84C00 


WORD 
PCD8571 ADDRESS ROW MEMORY 
REGISTER SELECT CELL 
ARRAY 
AO 


Al 
A2 
SCL : 2 | 
INPUT l*C COLUMN 
MULTIPLEXER 
SDA FILTER BUS CONTROL SELECT 


REGISTER R/W 
CONTROL 
Vop 


TEST 


7288371.1 


Fig. 1 Block diagram. 
PACKAGES OUTLINES 


PCD8571P : 8-lead DIL; plastic (SOT-97A). 
PCD8571D: 8-lead DIL; ceramic (cerdip) (SOT-151A). 
PCD8571T: 8-lead mini-pack (VSO-8; SOT-176). 
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PINNING 
1to3 AOtoA2 address inputs 
4 Vss negative supply 
5 erial data line 
6 eau le sleek tine Pe bus | : 
7 TEST test input for test speed-up; must be connected to Vss when not in use 
(power saving mode, see Fig. 14 and 15) 

8 Vpp positive supply 

AO | 1 | J 

Al 

PCD8571 
A2/3 | 
Vgs [4 | 
7287034 
Fig. 2 Pinning diagram. 

RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage range (pin 8) Vpop —0,8to+8,0 V 
Voltage range on any input Vy —0,8 to Vpp + 0,8 V 
D.C. input current (any input) +1 max. 10 mA 
D.C. output current (any output) tlo max. 10 mA 
Supply current (pin 4 or pin 8) tIpp:lss max. 50 mA 
Power dissipation per package Prot max. 300 mW 
Power dissipation per output P max. 50 mW 
Storage temperature range T stg —65 to + 150 °C 
Operating temperature range Tamb —25to+70 °C 
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CHARACTERISTICS 
Vpp = 2,5 to 6 V; Ves = 0 V; Tamb = —25 to + 70 OC unless otherwise specified 


SUPPLY 


Supply voltage Vpp 2,5 — 6 
Supply current at foci = 100 kHz; 

Vi =Vss or Vpp 

operating IDD _ — 200 

standby Ippo — — 5 
Power-on reset voltage level* 

at VscL = VspA = Vpp VPOR 1,5 1,9 2,3 
Input SCL; input/output SDA 
Input voltage LOW** VIL —0,8 — 03xVpp 
Input voltage HIGH** VIH 07xVpp | - Vpp + 0,8 
Output current LOW 

at Vo, = 0,4 V IOL 3 — — 
Output leakage current HIGH 

at VoH = VpD IOH _ _ 100 
Input leakage current (AO, A1, A2) 

at V}=Vpp or Vss +1 — — 100 
Clock frequency (Fig. 7) fscL 0 — 100 
Input capacitance (SCL, SDA) 

at Vij=Vss Cj ~ — 7 
Tolerable spike width on bus tsw _ — 100 
LOW Vpp data retention 
Supply voltage for data retention VDDR 1 —_ — 
Supply current at VpprR =1V IDDR — _ 2 
Power saving mode (Fig. 14) 
Supply current at Tampb = 25 °C; 

TEST = AO=A1=A2=VpprR IDps — 50 200 


* The power-on reset circuit resets the I?C bus logic when Vpp < Vpor. 


** If the input voltages are a diode voltage above or below the supply voltage Vpp or Vss an input 
current will flow: this current must not exceed + 0,5 mA. 
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CHARACTERISTICS OF THE I?C BUS 


The I?C bus is for 2-way, 2-line communication between different ICs or modules. The two lines are 

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 


Bit transfer 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 


ow A a 22 


| F 

| data line | change 

| stable: | of data 

| data valid | allowed 7287019 


Fig. 3 Bit transfer. 


Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 


bos ee) Uo eres al 


ae aarti 
start condition . stop condition 7287005 


Fig. 4 Definition of start and stop conditions. 
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System configuration 


A device generating a message is a ‘‘transmitter’’, a device receiving a message is the “‘receiver’’. The 
device that controls the message is the ‘‘master’’ and the devices which are controlled by the master 


are the ‘‘slaves’’. 


SDA 
SCL 


MASTER MASTER 
SLAVE MASTER 
TRANSMITTER / RECEIVER TRANSMITTER/ Entec TRANSMITTER/ 
RECEIVER RECEIVER RECEIVER 


7287004 


Fig. 5 System configuration. 


Acknowledge 


The number of data bytes transferred between the start and stop conditions from transmitter to 

receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 

bit is a HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has 
been clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line 
during the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of 

the acknowledge related clock pulse, set-up and hold times must be taken into account. A master 
receiver must signal an end of data to the transmitter by not generating an acknowledge on the last 

byte that has been clocked out of the slave. In this event the transmitter must leave the data line HIGH 
to enable the master to generate a stop condition. 


start clock pulse for 
condition acknowledgement 


SCL FROM 
DATA OUTPUT | as 
BY TRANSMITTER | 
DATA OUTPUT paid 
BY RECEIVER 


7287007 


Fig.6 Acknowledgement on the |?C bus. 
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Timing specifications 


Within the 1?C bus specifications a high-speed mode and a low-speed mode are defined. The PCD8571 
operates in both modes and the timing requirements are as follows: 


High-speed mode 
Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in Fig. 7. 


SDA 


SCL 


SDA 


7287013 


tsu:STA 


tsu;sTo 


Fig. 7 Timing of the high-speed mode. 


Where: 

tBUF t2tLoWmin The minimum time the bus must be free before a new 
transmission can start 

tHD; STA t2>tHiGHmin Start condition hold time 

tLOWmin 4,7 us Clock LOW period 

tHIGHmin 4 us Clock HIGH period 

tsu: STA t 2 tLOWmin Start condition set-up time, only valid for repeated start code 

tHD: DAT t2Ous Data hold time 

tSU: DAT t 2 250 ns Data set-up time 

tp t<1 us Rise time of both the SDA and SCL line 

te t < 300 ns Fall time of both the SDA and SCL line 

tsu; STO t2tlowmin Stop condition set-up time 

Note 


All the timing values refer to Vj}4 and Vj, levels with a voltage swing of Vss to Vpp. 
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oie LAL. AK AL. [XS 


START ADDRESS R/W ACK DATA ACK START ADDRESS R/W ACK STOP 
CONDITION CONDITION 7287014 


Fig. 8 Complete data transfer in the high-speed mode. 


Where: 
Clock tLowmin 4,7 ys 
tHIGHmin 4 us 
The dashed line is the acknowledgement of the receiver 
Mark-to-space ratio 1: 1 (LOW-to-HIGH) 
Max. number of bytes unrestricted 
Premature termination of transfer allowed by generation of STOP condition 
Acknowledge clock bit must be provided by the master 


Low-speed mode 


Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 us 
and a minimum HIGH period of 365 us. The mark-to-space ratio is 1: 3 LOW-to-HIGH. Detailed 
timing is shown in Fig. 9. 


son \ 


<— tgur—'| 


SCL 
—l tHD;STA |+*— —_—_—— tHiGH ————| | —|  ™—tsu:DaT 
—— tLow << —— | ge 
tHD:DAT 
SDA 
7287015 ——~! tsu sta <*— 7 te =a 


Fig. 9 Timing of the low-speed mode. 
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Product Specification 


PCD85/‘ 


Where: 

tBUF t > 105 us (tLOWmin) 
tHD: STA t > 365 us (tuiGHmin) 
tLow 130 us + 25 us 

tHIGH 390 us + 25 us 

tSU: STA 130 us + 25 us * 

tHD; DAT t> Ous 

tsu; DAT t > 250 ns 

tp t< us 

te t< 300 ns 

tsu: STO 130 ws + 25 us 

Note 


All the timing values refer to Vj,y and Vi, levels with a voltage swing of Vsg to Vpp. For definitions 
see high-speed mode. 


Sa OD OI. 2D EU 


cc a J a J 
START START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE = STOP 
CONDITION ACKNOWLEDGE START CONDITION 

CONDITION 7287016 


Fig. 10 Complete data transfer in the low-speed mode. 


Where: 
Clock tLoWmin 130 us + 25 us 
tHiGHmin 390 us + 25 us 
Mark-to-space ratio 1:3 (LOW-to-HIGH) 
Start byte 0000 0001 
Max. number of bytes 6 
Premature termination of transfer not allowed 
Acknowledge clock bit must be provided by master 
Note 


The general characteristics and detailed specification of the |?C bus are described in a separate data 
sheet (serial data buses) in handbook ‘’|Cs for digital systems in radio, audio and video equipment”. 


* Only valid for repeated start code. 
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Bus protocol 


Before any data is transmitted on the I?C bus, the device which should respond is addressed first. The 
addressing is always done with the first byte transmitted after the start procedure. The I?C bus 
configuration for different PCD8571 READ and WRITE cycles is shown in Fig. 11. 


acknowledge acknowledge acknowledge 
from slave from slave from slave 


cS SLAVE ADDRESS 0 X WORD ADDRESS DATA fal P| 


R/W L—____ n bytes incoseh 


auto increment 


7Z87031.1 
memory word address 


Fig. 11(a) Master transmits to slave receiver (WRITE mode). 


acknowledge acknowledge acknowledge acknowledge 
from slave from slave from slave from master 


RS SLAVE ADDRESS 0 Xx WORD ADDRESS fa] S | SLAVE ADDRESS 1 DATA Ber 
R/W transmitter becomes R/W 


n bytes mill 
master receiver and 


PCD8571 slave receiver auto anemen: 
7Z87032.2 becomes slave transmitter word adaress 


at this moment master 


no acknowledge 
from master 


! 
eg 


L—__ Jast byte ——-__ 


Fig. 11(b) Master reads after setting word address (WRITE word address; READ data). 


acknowledge acknowledge no acknowledge 
from slave from ta from master 
[s[ saentores [loge 
R/W Ln bytes LL tast byte ——_———! 


auto increment 
7287033.3 word address 


Fig. 11(c) Master reads slave immediately after first byte (READ mode). 
Note 
X = don't care bit. 
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APPLICATION INFORMATION 


The PCD8571 slave address has a fixed combination 1010 as group 1, while group 2 is fully 
programmable (see Fig. 12). 


= group 1 a group 2 ——> 7Z87030.1 


Fig. 12 PCD8571 address. 


SDA 


MASTER 
TRANSMITTER 


SCL 


0 
7 SC 
0 PCD8571 ” 
‘1010° 
LA 0 
7 TEST 
V 1 up to 8 PCD8571 
DD without additional 
0 PCD8571 hardware 
7 ‘1010’ 
0 


TEST | 


PCD8571 


‘1010° R: pull-up resistor 


t . 
TEST ee 


Cgus 


SDA SCL 
(12. C bus) 7Z87029.2 


Fig. 13 PCD8571 application diagram. 


Note 
AO, A1, and A2 inputs must be connected to Vpp or Vss but not left open. 
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POWER SAVING MODE 


With the condition TEST = A2 = Ai = AO = Vppp, the PCD8571 goes into the power saving mode. 


TEST 
SCL 
SDA 
VoD 
IDD 
Where: 7290281 
tsy 2 4 us 
typ > 4 us Fig. 14 Timing for power saving mode. 
+5V 
VDDR 
1,2V 
| (NiCd) 
7Z90280 
Fig. 15 Application example for power saving mode. 
Note 
1. In the operating mode, TEST = 0 (AO, A1 = 0;A2 = 1). 
2. In the power saving mode, TEST = AO = A1 =A2=Vppp,. 
8-27 
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GENERAL DESCRIPTION 


The PCF8574 is a single-chip silicon gate CMOS circuit. It provides remote |/O expansion for the 
MAB8400 and PCF8500 microcomputer families via the two-line serial bidirectional bus (1?C). 

It can also interface microcomputers without a serial interface to the I?C bus (as a slave function only). 
The device consists of an 8-bit quasi-bidirectional port and an |?C interface. 

The PCF8574 has low current consumption and includes latched outputs with high current drive 
capability for directly driving LEDs. It also possesses an interrupt line (INT) which is connected to 

the interrupt logic of the microcomputer on the !*C bus. By sending an interrupt signal on this line, 
the remote !/O can inform the microcomputer if there is incoming data on its ports without having to 
communicate via the I?C bus. This means that the PCF8574 can remain a simple slave device. 


Features 


Operating supply voltage 25Vto6V 

Low stand-by current consumption max. 10 uA. 

Bidirectional expander | 

Open drain interrupt output 

8-bit remote |/O port for the I12C bus 

Peripheral for the MAB8400 and PCF8500 microcomputer families 

Latched outputs with high current drive capability for directly driving LEDs 

Address by 3 hardware address pins for use of up to 8 devices (up to 16 possible with mask option) 


PCF8574 


ges INTERRUPT 
INT OGie LP FILTER 


AO 
Al 
A2: 


aC Ss: 12c BUS 


SDA + , esi lads SHIFT are 1/0 
, | REGISTER PORTS 


write pulse | 
read pulse 
VDD POWER-ON : 
8 
Vss : | RESET 


Fig. 1 Block diagram. 


7285821.1 


PACKAGE OUTLINES 


PCF8574P: 16-lead DIL; plastic (SOT-38). 
PCF8574T: 16-lead mini-pack; plastic (SO-16L; SOT-162A). 
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PINNING 


PCF 8574 


Teer! Fig. 2 Pinning diagram. 
1 to 3 AO to A2 address inputs 
sian: eee 8-bit quasi-bidirectional |/O port 
9 to 12 P4 to P7 | 
8 Vss negative supply 
13 INT interrupt output 
14 SCL serial clock line 
15 SDA serial data line 
16 VppD positive supply 


write pulse 


) 

= a 
mi _ T 
data from D a | 


shift register 


FF 
Cc; a - PO to P7 

R 

power-on as 


reset 


Vss 
D Q 
FF 
C| 
read pulse a = R 
data to ) to interrupt 
shift register logic 


7Z87598 
Fig. 3 Simplified schematic diagram of each port. 
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CHARACTERISTICS OF THE I?C BUS 


The |?C bus is for 2-way, 2-line communication between different |Cs or modules. The two lines are 

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 


Bit transfer 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 


| | 

| data line | change 
| stable: | of data 
| 


data valid | allowed 7287019 


Fig. 4 Bit transfer. 


Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 


nditi stop condition 
start condition 4 7287005 


Fig. 5 Definition of start and stop conditions. 


System configuration 


A device generating a message is a ‘‘transmitter’’, a device receiving a message is the ‘‘receiver’’. The 
device that controls the message is the ‘‘master’’ and the devices which are controlled by the master 
are the ‘‘slaves’’. 


SDA 


oie ee ae 


MASTER SLAVE MASTER 
SLAVE MASTER 
TRANSMITTER / RECEIVER TRANSMITTER / TRANSMITTER TRANSMITTER / 
RECEIVER RECEIVER RECEIVER 


7287004 
Fig. 6 System configuration. 
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CHARACTERISTICS OF THE I?C BUS (continued) 
Acknowledge 


The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 
bit isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable 
the master to generate a stop condition. 


start clock pulse for 
condition acknowledgement 
| 


SCL FROM ) 
DATA OUTPUT | 7 
BY TRANSMITTER : 
DATA OUTPUT 7 
BY RECEIVER 


7Z87007 
Fig. 7 Acknowledgement on the |?C bus. 


Timing specifications 


Within the I?C bus specifications a high-speed mode and a low-speed mode are defined. The PCF8574 
operates in both modes and the timing requirements are as follows: 


High-speed mode 


Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in 
Fig. 8. 


SDA ( 
= TBUR- 
SCL 
— >! tHp:sTA |+*— —~' tiiGgH 
ON OWN Se od ee al A a 
tHD:DAT tsuU-DAT 


SDA 


7287013 tsU-STA tsu;sTo 


Fig. 8 Timing of the high-speed mode. 
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Where: 
tBUF t 2 tLoWmin The minimum time the bus must be free before a new 
transmission can start 
tHD: STA t 2 tHyiGHmin Start condition hold time 
tLOWmin 4,7 us Clock LOW period 
tHiGHmin 4 us Clock HIGH period 
tSuU: STA t= tLOWmin Start condition set-up time, only valid for repeated start code 
tHD: DAT t20us Data hold time 
tsu: DAT t 2 250 ns Data set-up time 
tp t<1us Rise time of both the SDA and SCL line 
tf t <300 ns Fall time of both the SDA and SCL line 
tsu: STO t 2 tLOWmin Stop condition set-up time 
Note 


All the values refer to Vjy and Vy, levels with a voltage swing of Vss to Vpp. 


an LL. AK UL. SF DS 


START ADDRESS R/W ACK DATA ACK START ADDRESS R/W ACK _ STOP 
CONDITION CONDITION 7287014 


Fig.9 Complete data transfer in the high-speed mode. 


Where: 
Clock th OWmin 4,7 us 
THIGHmin 4 us 
The dashed line is the acknowledgement of the receiver 
1: 1 (LOW-to-HIGH) 
Max. number of bytes unrestricted 


Mark-to-space ratio 


Premature termination of transfer allowed by generation of STOP condition 


Acknowledge clock bit must be provided by the master 
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CHARACTERISTICS OF THE I?C BUS (continued) 


Low-speed mode 


Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 us 
and a minimum HIGH period of 365 us. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed 
timing is shown in Fig. 10. 


SDA i 


<«— tpuf— tr —»| =< tp—| <— 
SCL 
—+| typ-sta <— ——_—————- tyigH ————— | tt DAT 
—> tLrow <— Pe laos 
SDA 
7287015 a ISOS T A gee 
Fig. 10 Timing of the low-speed mode. 

Where: 
tBUF t 2 105 us (tLOWmin) 
tHD; STA t 2 365 us (tH}GHmin) 
tLOW 130 us + 25 us 
tHIGH 390 us + 25 us 
tSU: STA 130 us + 25 us* 
tHD: DAT t2O0us 
tSU: DAT t 2 250 ns 
tr t<1 ys 
te t < 300 ns 
tsu: STO 130 us + 25 us 
Note 


All the values refer to Vj,j and Vj, levels with a voltage swing of Ves to Vpp, for definitions see 
high-speed mode. 


* Only valid for repeated start code. 


8-33 September 1985 


Signetics Linear Products Product Specification 


8-Bit Remote I/O Expander PCF8574 


[ree (erties Ld hncrameruaraentemnenineenineamemmcimnamnreamnenan)  Lensaenmammceneammenemmenenassend beemmesnmaad 
START START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE STOP 
CONDITION ACKNOWLEDGE START CONDITION 

CONDITION 7Z87016 


Fig. 11 Complete data transfer in the low-speed mode. 


Where: 
Clock t, OWmin 130 ws + 25 ys 
tHiGHmin 390 us + 25 pus 
Mark-to-space ratio 1: 3 (LOW-to-HIGH) 
Start byte 0000 0001 
Maximum number of bytes 6 
Premature termination of transfer not allowed 
Acknowledge clock bit must be provided by master 
Note 


The genera! characteristics and detailed specification of the I|?C bus are described in a separate data 
sheet (serial data buses) in handbook: !Cs for digital systems in radio, audio and video equipment. 
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FUNCTIONAL DESCRIPTION 
Addressing (see Figs 12 and 13) 


Each bit of the PCF8574 I/O port can be independently used as an input or an output. Input data is 
transferred from the port to the microcomputer by the READ mode. Output data is transmitted to the 
port by the WRITE mode. 


SCL 1 2 3 4 5 6 7 8 


| 
start condition R/ | 
WRITE | | 
ae a Oe Irene eS TE! (es IO eer NS Ce 
PORT 
| 
| 
| 
] | 
DATA OUT | 
FROM PORT {ewan DATA 1 VALID | | DATA 2 VALID 
| | 


| 
| toyoel ee tov 7287593 


Fig. 12 WRITE mode (output port). 


slave address data from port data from port 
SDA | s | ie) 1 (8) 0 A2 A‘ AO 1 DATA 1 DATA 4 FP | 
W acknowledge stop 


3 | 
start condition R/W | acknowledge 
from slave from master condition 


| 
| 
READ FROM | 
PORT Pa a a 2 NN ee 
| 
| 


tos 


| 

| 

| 

| 

| | 

l | 

| 

| 

| | 

DATA INTO DATA 1 DATA 2 DATA 3 | DATA 4 | 
PORT | 
| 

| 

| { 

| | 

| | 
| 

| 

| 

| 


Fig. 13 READ mode (input port). 


Note 


A LOW-to-HIGH transition of SDA, while SCL is HIGH is defined as the stop condition (P). Transfer 
of data can be stopped at any moment by a stop condition. When this occurs, data present at the last 
acknowledge phase is valid (output mode). Input data is lost. 
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Interrupt (see Figs 14 and 15) 


The PCF8574 provides an open drain output (INT) which can be fed to a corresponding input of the 
microcomputer. This gives these chips a type of master function which can initiate an action elsewhere 
in the system. 


PCF8574 PCF8574 PCF 8574 
Vop (1) (2) (8) 


INT 


MICROCOMPUTER 


INT — 
7287599 


Fig. 14 Application of multiple PCF8574s with interrupt. 


An interrupt is generated by any rising or falling edge of the port inputs in the input mode, After time 
tiy the signal INT is valid. 

Resetting and reactivating the interrupt circuit is achieved when data on the port is changed to the 
original setting or data is read from or written to the port which has generated the interrupt. 
Resetting occurs as follows: | 


@ In the READ mode at the acknowledge bit after the rising edge of the SCL signal. 
@ In the WRITE mode at the acknowledge bit after the HIGH to LOW transition of the SCL signal. 


Each change of the ports after the resettings will be detected and after the next rising clock edge, will 
be transmitted as INT. 
Reading from or writing to another device does not affect the interrupt circuit. 


slave address data from port 


om Epa ee e> ot oT py 
eee ‘| i : 
start condition R/W_ j acknowledge P5 stop 
| from slave condition 
| 
| 
SCL 1 2 3 45 6 7 8 


| 
| 
| 
| 
DATA INTO PS a a a laa aa aia 

| | 

| 

| 

| 

INT | || 
| | 


>| a tiy | lth, 7287594 


Fig. 15 Interrupt generated by a change of input to port P5. 
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FUNCTIONAL DESCRIPTION (continued) 
Quasi-bidirectional |/O ports (see Fig. 16) 


A quasi-bidirectional port can be used as an input or output without the use of a control signal for data 
direction. The bit designated as an input must first be loaded with a logic 1. In this mode only a current 
source to Vpp is active. An additional strong pull-up to Vpp allows fast rising edges into heavily 
loaded outputs, These devices turn on when an output changes from LOW to HIGH, and are switched 
off by the negative edge of SCL. SCL should not remain HIGH when a short-circuit to Vs is allowed 


(input mode). 


slave address 


data to port 


t 


start condition R/W acknowledge P3 


P3 


from slave 


Product Specification 


PCF8574 


data to port 


OUTPUT | 
VOLTAGE 


CURRENT 


7287595 


Fig. 16 Transient pull-up current IQ 4 while P3 changes from LOW-to-HIGH and back to LOW. 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage range 

Input voltage range (any pin) 

D.C. current into any input 

D.C. current into any output 

Vpp or Vss current 

Total power dissipation 

Power dissipation per output 

Storage temperature range 

Operating ambient temperature range 


8-37 


VDD 


—0,5to+7 V 

Vss—0,5 to Vpp + 0,5 V 
max. | 20 mA 
max. 25 mA 
max. 100 mA 
max. 400 mW 
max. 100 mW 
—65 to + 150 °C 

—~40 to +85 °C 
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CHARACTERISTICS 
Vpp = 2,5 to 6 V; Vss = 0 V; Tamb = —40 to + 85 OC unless otherwise specified 


a 


Supply (pin 16) 

Supply voltage 

Supply current 
at Vpp = 6 V; no load, inputs at Vpp, Vss 
operating 
standby 


Power-on reset voltage level (note 1) 


Input SCL; input/output SDA (pins 14; 15) 
Input voltage LOW 
Input voltage HIGH 


Output current LOW 
at Vo, = 0,4 V 


Input/Output leakage current 


0,3Vpp 
Vpp + 0,5 V 


Clock frequency (see Fig. 8) 


Tolerable spike width 
at SCL and SDA input 


Input capacitance (SCL, SDA) 
at VV; =Vss 


1/O ports (pins 4 to 7; 9 to 12) 
Input voltage LOW 
Input voltage HIGH 


0,3VpDp 
Vpp + 0,5 V 
Maximum allowed input current 


through protection diode 
at Vj} 2 Vpp or <Vss 
Output current LOW 
at VoL = 1V; Vpp = 2,5 V 
Output current HIGH 
at VoH = Vssg (current source only) 


Transient pull-up current HIGH 
during acknowledge (see Fig. 16) 
at VoH = Vss 

Input/Output capacitance 


400 


Port timing; Ci < 100 pF (see Figs 12 and 13) 
Output data valid 
Input data set-up 
Input data hold 
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8-Bit Remote |/O Expander PCF8574 


CHARACTERISTICS (continued) 


Interrupt INT (pin 13) 


Output current LOW 
at VoL = 0,4 V 
Output current HIGH 
at VoH = VoD 


INT timing; Ci. < 100 pF (see Fig. 13) 


Input data valid 
Reset delay 


Select inputs AO, A1, A2 (pins 1 to 3) 
Input voltage LOW 03Vpp 
Input voltage HIGH Vpp + 0,5 V 


Input leakage current 
at Vj} =Vpp or Vss 100 


Note 1 


The power-on reset circuit resets the 17C bus logic with Vpp < Vpr_r and sets all ports to logic 1 
(input mode with current source to Vpp). 
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Video Switch SAA1300 


The SAA1300 is for switching on and off the supply lines of various circuit parts via an |?C bus signal. 
Furthermore, it can be used to supply current for switching diodes in radio and television tuners. It 


contains 5 output stages, which are capable of supplying up to 100 mA in the ON state or sinking up 
to —100 wA in the OFF state. 


Current limiting and short-circuit protection are included. The output stages are driven by a shift 
register/latch combination which is loaded via data from the !7C bus. A power-on reset of the latches 
ensures the OFF state of the output stages (OUT 2 to OUT 5) without data reception from the |?C bus. 
A subaddressing system allows the connection of up to three circuits on the same |I?C bus lines; one of 


the outputs (OUT 1, pin 7) can also be used as an input to select the device via a simple internal A/D 
converter. 


OUT 1 OUT 2 OUT 3 OUT 4 OUT 5 


A/D 
CONVERTER 
PO 
LATCH ATCH ATCH ATCH}—-jLATCH 


HOO ae 


ADDRESS 
DECODER 
(8x) 


12C-BUS 
RECEIVER 


SAA1300 


7285576.1 


Fig. 1 Block diagram. 


PACKAGE OUTLINE 
9-lead SIL; plastic (SOT-142B). 
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PINNING 
pin no. symbol 


GND 
Vp 
OUT 5 
OUT 4 | 
OUT3 
OUT 2 | 
OUT 1 
SDA 

SCL 


OON OOARWNDN — 


Product Specification 


SAA1300 


function 


ground 
positive supply 


outputs 


output and subaddressing input 
serial data line 

: 17C bus 
serial clock line 


I?C BUS INFORMATION* 


Address, first byte 


01000AB0 where, 


A B function 


condition 


=—= = © © 
- O-— © 


Data, second byte 


general address OUT 1 = output 

OUT 1 = input address accepted if Vout 1 = VouT L (LOW) 
OUT 1 = input address accepted if VoyuT 1 = VouT H (HIGH) 
OUT 1 = input address accepted if Voyt 1 = VoUT M (MEDIUM) 


OUT 5, OUT 4, OUT 3, OUT 2, OUT 1, X, X, X 


The I/O output stage (OUT 1) is switched as an input stage after a power-on reset. It depends on the 
contents of the first data transmission whether the output stage is switched as an output or remains 


as an input. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp max. 13,2 V 
Input voltage range at SDA, SCL Vy —0,5to+13,7 V 
Input voltage range at OUT 1 Vy —0,5to+12,5 V 
Output voltage range at OUT 1 to OUT 5 Vo —05to+12,5 V 
Input current at SDA, SCL ly max. 20 mA 
Input current at OUT 1 ly max. 20 mA 
Total power dissipation Prot max. 650 mW 
Storage temperature range T stg | —40 to +125 OC 
Operating ambient temperature range Tamb —20 to + 80 °C 


* Detailed information is given in a separate data sheet. 
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CHARACTERISTICS 
Vp =8 V; Tamb = 25 OC; unless otherwise specified 


Supply (pin 2) 
Supply voltage range 
Supply current 


Power-on reset level 
output stage in “OFF” condition 


Maximum power dissipation* 


Inputs SDA, SCL (pins 8 and 9) 
Input voltage HIGH 

Input voltage LOW 

Input current HIGH 

Input current LOW 
Acknowledge sink current 


Maximum input frequency 


Outputs OUT 1 to OUT 5 (pins 3 to 7) 

Maximum output current;source :’7ON”’ 

Maximum output current; source : “‘ON’’ 
Tamb = 80 °C 

Output voltage HIGH at lOgo 

Output current; sink: “OFF” 

Output voltage LOW at |og; 

Output voltage MEDIUM at Ig =12,5mA 


OUT 1 used as subaddressing input 
Input voltage HIGH (code 1 0) 
Input voltage MEDIUM (code 1 1) 
Input voltage LOW (code 0 1) 


* Outputs must not be driven simultaneously at maximum source current. 
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Product Specification 


SAB1164/65 


This silicon monolithic integrated circuit is a prescaler in current-mode logic. It contains an amplifier, 
a divide-by-64 scaler and an output stage. It has been designed to be driven by a sinusoidal signal from 
the local oscillator of a television tuner, with frequencies from 70 MHz up to 1 GHz, for a supply 

voltage of 5 V + 10% and an ambient temperature of 0 to 70 °C. It features a high sensitivity and low 


harmonic contents of the output signal. 


7287382.1 


Fig. 1 Block diagram. CTR6 = 6 binary dividers = (+ 64). 


QUICK REFERENCE DATA 


Supply voltage (pin 8) 

Input frequency range (pins 2 and 3) 
Output voltage swing (pins 6 and 7) 
Supply current; unloaded (pin 8) 
Operating ambient temperature 


PACKAGE OUTLINE 
SAB1164P: 8-lead DIL; plastic (SOT-97A). 


8-43 


Vcc 5+10% V 

fj 70 to 1000 MHz 
Vo(p-p) _tYP. 1V 
Icc typ. 42 mA 
Tamb Oto+70 °C 
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1GHz Divide by 64 — §AB1164/65 
PINNING 
Vcc positive supply 
Vee —C*O'V;; ground 


Cy, Co differential inputs 
Qn, QL complementary outputs 


i.c. internally connected 


7287 384.1 


Fig. 2 Pinning diagram. 


FUNCTIONAL DESCRIPTION 


The circuit contains an amplifier, a divide-by-64 scaler and an output stage. It has been designed to be 
driven by a sinusoidal signal from the local oscillator of a TV tuner, with frequencies from 70 MHz up 
to 1 GHz, for a supply voltage of 5 V + 10% and an ambient temperature of 0 to 70 9C. 


The inputs are differential and are internally biased to permit capacitive coupling. For asymmetrical 
drive the unused input should be connected to ground via a capacitor. 


The first divider stage will oscillate in the absence of an input signal; an input signal within the specified 
range will suppress this oscillation. 


The output differential stage has two complementary outputs. The output voltage edges are slowed 
down internally to reduce the harmonic contents of the signal. 


Wide, low-impedance ground connections and a short capacitive bypass from the Vcc pin to ground 
are recommended. 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (d.c.) Vec max. 7V 
Input voltage Vj OtoVcc V 
Storage temperature Tstg —55 to+ 125 OC 
Junction temperature Tj max. 125 9C 


THERMAL RESISTANCE 
From crystal to ambient Rthea = 120 K/W 


D.C. CHARACTERISTICS 
Vege =0 V (ground); Vcc = 5 V; Tamb = 25 OC unless otherwise specified. 


The circuit has been designed to meet the d.c. specifications as shown below, after thermal equilibrium 
has been established. The circuit is in a test socket or mounted on a printed-circuit board. 


Output voltage 


HIGH level VOH max. Vec V 
LOW level VOL max. Vcc-0,8 V 
| typ. 42 mA 
Supply current Icc ag 50 mA 
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1GHz Divide by 64 SAB1164/65 


A.C. CHARACTERISTICS 
Veg =0 V (ground); Vcc = 5 V + 10%; Tamp = 0 to + 70 OC. 
Input voltage r.m.s. value (see Fig. 4) 


input frequency 70 MHz Vi(rms) 
150 MHz 
300 MHz 
500 MHz 
900 MHz 
1 GHz 
Input overload voltage r.m.s. value 
input frequency range 70 MHz up to 1 GHz Vi(rms) 
Output voltage swing Vo(p-p) 
Output resistance 
SAB1164 Ro 
SAB1165 Rg 
Output unbalance AVo 
Output rise time* 
fj = 1 GHz 'TLH 
Output fall time* 
f; = 1 GHz 'THL 
R,=50Q 
hf. Juche. 
: aba Say, (v) nes yi 


generator 


to 
oscilloscope 


5001] 


7287385 77 


Vep=OV 


Fig. 3 Test circuit for defining input voltage. 


— Cables must be 50 22 coaxial. 

— The capacitors are leadless ceramic (multilayer capacitors) of 10 nF. 

— All connections to the device and to the meter must be kept short and of approximately equal lengths. 
— Hybrid junction is ANZAC H-183-4 or similar. 


* Between 10% and 90% of observed waveform. 
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1000 7Z87387 
Vj (rms) 
(mV) 


100 +4 
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Fig. 4 Typical sensitivity curve under nominal conditions. 
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7287381 
Fig. 5 Smith chart of typical input impedance. 

Vi(rms) = 25 mV; Vcc = 5 V; reference value = 50 22. 
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to 
dividers 
2kQ 
differential 
inputs 
7287386 


Fig. 6 Input stage. 


7287388.1 


Fig. 7 Output stage. Vcc =5 V. 


SAB1164: R1=R2=1kQ;1=1mA 
SAB1165: R1 = R2=0,5 kQ;1=2 mA. 


APPLICATION INFORMATION 


Vec = 5 V 
v.h.f. 
u.h.f. to tuning 
system 
(twisted leads) 
7287389 


Fig. 8 Circuit diagram. Application in a television tuning system. 
The output peak-to-peak voltage is about 1 V. 
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4GHz Divide by 256 | SAB1256 


This silicon monolithic integrated circuit is a prescaler in current-mode logic. It contains an amplifier, 

a divide-by-256 scaler and an output stage. It has been designed to be driven by a sinusoidal signal from 
the local oscillator of a television tuner, with frequencies from 70 MHz up to 1 GHz, for a supply 
voltage of 5 V + 10% and an ambient temperature of 0 to 70 OC. It features a high sensitivity and low 
harmonic contents of the output signal. 


SAB 1256 


7287383 


Fig. 1 Block diagram. CTR8 = 8 binary dividers = (+ 256). 


QUICK REFERENCE DATA 


Supply voltage (pin 8) | Vcc 5+10% V 
Input frequency range (pins 2 and 3) fj 70 to 1000 MHz 
Output voltage swing (pins 6 and 7) Vo(p-p) typ. 1V 
Supply current, unloaded (pin 8) Icc typ. 47 mA 
Operating ambient temperature Tamb Oto+70 °C 


PACKAGE OUTLINE 
SAB1256P: 8-lead DIL; plastic (SOT-97). 
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PINNING 

Vcc positive supply 

VEE OV; ground 

Cy, Ca differential inputs 

Qy, OL complementary outputs 
i:c. internally connected 


7287 384.1 


Fig. 2 Pinning diagram. 


FUNCTIONAL DESCRIPTION 


The circuit contains an amplifier, a divide-by-256 scaler and an output stage. It has been designed to be 
driven by a sinusoidal signal from the local oscillator of a TV tuner, with frequencies from 70 MHz up 
to 1 GHz, for a supply voltage of 5 V + 10% and an ambient temperature of 0 to 70 OC. 


The inputs are differential and are internally biased to permit capacitive coupling. For asymmetrical 
drive the unused input should be connected to ground via a capacitor. 


The first divider stage will oscillate in the absence of an input signal; an input signal within the specified 
range will suppress this oscillation. 


The output differential stage has two complementary outputs. The output voltage edges are slowed 
down internally to reduce the harmonic contents of the signal. 


Wide, low-impedance ground connections and a short capacitive bypass from the Vcc pin to ground 
are recommended. 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (d.c.) Vee max. 7 V 
Input voltage Vj OtoVcc V 
Storage temperature T stg —55 to+ 125 °C 
Junction temperature Tj max. 125 °C 


THERMAL RESISTANCE 
From crystal to ambient Rthea = 120 K/W 
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4GHz Divide by 256 SAB1256 


D.C. CHARACTERISTICS 
Veg =0 V (ground); Vcc = 5 V; Tamb = 25 OC unless otherwise specified. 


The circuit has been designed to meet the d.c. specifications as shown below, after thermal equilibrium 
has been established. The circuit is in a test socket or mounted on a printed-circuit board. 


Output voltage 


HIGH level VOH max. Vec V 
LOW level VOL max. Vec-0,8 V 
typ. 47 mA 
Supply current Icc se 55 mA 


A.C. CHARACTERISTICS 
Veg =9 V (ground); Vcc = 5 V t 10%; Tampb = 0 to + 70 OC. 
Input voltage r.m.s. value (see Fig. 4) 


input frequency 70 MHz Vi(rms) 
150 MHz 
300 MHz 
500 MHz 
900 MHz 
1 GHz 
Input overload voltage r.m.s. value 
input frequency range 70 MHz to 1 GHz Vi(rms) 
Output voltage swing Vo(p-p) 0 
Output resistance Ro 
Output unbalance AVo 
Output rise time* 
fj = 1 GHz tTLH 
Output fall time | 
f; = 1 GHz tTHL 


* Between 10% and 90% of observed waveform. 
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hybrid junction 


v.h.f. /u.h.f. V 
: i ax CC 
sinewave ar ww, 
generator © (+5V) 
“a fo 7 
mS 
, 
7, to 
oscilloscope 
502 i 
VEE =0OV 


7287385 77 


Fig. 3 Test circuit for defining input voltage. 


— Cables must be 50 22 coaxial. 

— The capacitors are leadless ceramic (multilayer capacitors) of 10 nF. 

— All connections to the device and to the meter must be kept short and of approximately equal lengths. 
— Hybrid junction is ANZAC H-183-4 or similar. 


7287387 
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Fig. 4 Typical sensitivity curve under nominal conditions. 
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Fig. 5 Smith chart of typical input impedance. 
Vi(rms) = 25 MV; Vcc = 5 V; reference value = 50 82. 
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ref 


to 


dividers 
2kQ 
differential 
inputs 
7Z87386 
7Z87388 
Fig. 6 Input stage. Fig. 7 Output stage. 


Voc =5 V;1=1mA. 


APPLICATION INFORMATION 


Vec=5V 
v.h.f. 
u.h.f. to tuning 
4 system 
(twisted leads) 
Vege = 0 V 
7287389 


Fig. 8 Circuit diagram. 
Application in a television tuning system. The output peak-to-peak voltage is about 1 V. 
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GENERAL DESCRIPTION 


The SAB3035 provides closed-loop digital tuning of TV receivers, with or without a.f.c., as required. It 
also controls up to 8 analogue functions, 4 general purpose |/O ports and 4 high-current outputs for 
tuner band selection. | 


The IC is used in conjunction with a microcomputer from the MAB8400 family and is controlled via a 
two-wire, bidirectional |? C bus. 


Features 


® Combined analogue and digital circuitry minimizes the number of additional interfacing components 
required 


Frequency measurement with resolution of 50 kHz 

Selectable prescaler divisor of 64 or 256 

32 V tuning voltage amplifier 

4 high-current outputs for direct band selection 

8 static digital to analogue convertors (DACs) for control of analogue functions 
Four general purpose input/output (I/O) ports 

Tuning with control of speed and direction 

Tuning with or without a.f.c. 

Single-pin, 4 MHz on-chip oscillator 


12C bus slave transceiver 
QUICK REFERENCE DATA 


Supply voltages 


(pin 16) Vp4 typ. 12 V 

(pin 22) Vp92 typ. 13 V 

(pin 17) Vp3 typ. 32 V 
Supply currents (no outputs loaded) 

(pin 16) Ip4 typ. 32 mA 

(pin 22) Ip9 typ. 0.1 mA 

(pin 17) Ip3 typ. 0.6 mA 
Total power dissipation Prot typ. 400 mW 
Operating ambient temperature range Tamb —20 to +70 °C 


PACKAGE OUTLINE 
28-lead DIL; plastic (SOT-117). 


September 1985 8-54 


Signetics Linear Products 


FLL TV Tuning Circuit 


PRESCALER 


POWER -DOWN 
DETECTOR 


REFERENCE 
OSCILLATOR 


CONTROL 
CIRCUIT 


SAB3035 


—— 
Tite LMWN | 


REFERENCE 


COUNTER TUS 


15-BIT 
FREQUENCY COUNTER 


Tian Ppa) sad Tero) ELT 
i122) P22/ LEOV | (FLOCK) | FL/ J 


TUNING CONTROL CIRCUIT 
AFCT 
[Tow] [AFcR) 


(pida! poan 
(Pi23! (P2371 
PORT 2 

CONTROL CIRCUIT 


DIVISOR 
SELECTOR 


12-BIT 
TUNING COUNTER 


CHARGE 
PUMP 


TUNING 
VOLTAGE 
AMPLIFIER 


AFC+ 


11 A.F.C. 
AFC— AMPLIFIER 


12 


25 26 27 28 1 2 3 4 


Fig. 1 Block diagram. 
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Fig. 2 Pinning diagram. 
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PINNING 


DAC4 
DACS5 
DAC6 
DAC7 
SDA 
SCL 
P20 
P21 
P22 
P23 
AFC+ 
AFC— 
TI 
GND 
TUN 
VP1 
Vp3 


P10 
P11 
P12 
P13 


Vp2 


FDIV 
OSC 

DACO 
DAC1 
DAC2 
DAC3 
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SAB3035 
outputs of static DACs 
serial data line 
| | I2C bus 
serial clock line 


general purpose 
input/output ports 


a.f.c. inputs 


tuning voltage amplifier inverting input 
ground 

tuning voltage amplifier output 

+12 V supply voltage 


+32 V supply for tuning voltage 
amplifier 


High-current band-selection output 
ports 


positive supply for high-current band- 
selection output circuits 


input from prescaler 


crystal oscillator input 


outputs of static DACs 
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FUNCTIONAL DESCRIPTION 


The SAB3035 is a monolithic computer interface which provides tuning and control functions and 
operates in conjunction with a microcomputer via an |? bus. 


Tuning 


This is performed using frequency-locked loop digital control. Data corresponding to the required tuner 
frequency is stored in a 15-bit frequency buffer. The actual tuner frequency, divided by a factor of 256 
(or by 64) by a prescaler, is applied via a gate to a 15-bit frequency counter. This input (FDIV) is 
measured over a period controlled by a time reference counter and is compared with the contents of 
the frequency buffer. The result of the comparison is used to control the tuning voltage so that the 
tuner frequency equals the contents of the frequency buffer multiplied by 50 kHz within a program- 
mable tuning window (TUW). 


The system cycles over a period of 6.4 ms (or 2.56 ms), controlled by the time reference counter which 
is clocked by an on-chip 4 MHz reference oscillator. Regulation of the tuning voltage is performed by a 
charge pump frequency-locked loop system. The charge IT flowing into the tuning voltage amplifier is 
controlled by the tuning counter, 3-bit DAC and the charge pump circuit. The charge IT is linear with 
the frequency deviation Af in steps of 50 kHz. For loop gain control, the relationship AIT/Af is 
programmable. In the normal mode (when control bits TUHNO and TUHN1 are both at logic 1, see 
OPERATION), the minimum charge IT at Af = 50 kHz equals 250 wA us (typical). 


By programming the tuning sensitivity bits (TUS), the charge |T can be doubled up to 6 times. If 
correction-in-band (COIB) is programmed, the charge can be further doubled up to three times in 
relation to the tuning voltage level. From this, the maximum charge IT at Af = 50 kHz equals 

2° x 23 x 250 WA us (typical). 


The maximum tuning current | is 875 wA (typical). In the tuning-hold (TUHN) mode (TUHN is active 
LOW), the tuning current | is reduced and as a consequence the charge into the tuning amplifier is also 
reduced. 


An in-lock situation can be detected by reading FLOCK. When the tuner oscillator frequency is within 
the programmable tuning window (TUW), FLOCK is set to logic 1. If the frequency is also within the 
programmable a.f.c. hold range (AFCR), which always occurs if AFCR is wider than TUW, control bit 
AFCT can be set to logic 1. When set, digital tuning will be switched off, a.f.c. will be switched on and 
FLOCK will stay at logic 1 as long as the oscillator frequency is within AFCR. If the frequency of the 
tuning oscillator does not remain within AFCR, AFCT is cleared automatically and the system reverts 

to digital tuning. To be able to detect this situation, the occurrence of positive and negative transitions 
in the FLOCK signal can be read (FL/1N and FL/ON). AFCT can also be cleared by programming the 
AFCT bit to logic 0. 

The a.f.c. has programmable polarity and transconductance; the latter can be doubled up to 3 times, 
depending on the tuning voltage level if correction-in-band is used. 

The direction of tuning is programmable by using control bits TDIRD (tuning direction down) and 
TDIRU (tuning direction up). If a tuner enters a region in which oscillation stops, then, providing the 
prescaler remains stable, no FDIV signal is supplied to CITAC. In this situation the system will tune up, 
moving away from frequency lock-in. This situation is avoided by setting TDIRD which causes the 
system to tune down. In normal operation TDIRD must be cleared. 

If a tuner stops oscillating and the prescaler becomes unstable by going into self-oscillation at a very high 
frequency, the system will react by tuning down, moving away from frequency lock-in. To overcome 
this, the system can be forced to tune up at the lowest sensitivity (TUS) value, by setting TDIRU. 
Setting both TDIRD and TDIRU causes the digital tuning to be interrupted and a.f.c. to be switched on. 


The minimum tuning voltage which can be generated during digital tuning is programmable by VTMI to 
prevent the tuner being driven into an unspecified low tuning voltage region. 
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Control 


For tuner band selection there are four outputs P10 to P13 which are capable of sourcing up to 50 mA 
at a voltage drop of less than 600 mV with respect to the separate power supply input Vp9. 


For additional digital control, four open collector 1/O ports P20 to P23 are provided. Ports P22 and 
P23 are capable of detecting positive and negative transitions in their input signals. With the aid of port 
P20, up to three independent module addresses can be programmed. 


Eight 6-bit digital-to-analogue converters DACO to DAC7 are provided for analogue control. 


Reset 


CITAC goes into the power-down-reset mode when Vpy is below 8.5 V (typical). In this mode all 
registers are set to a defined state. Reset can also be programmed. 


OPERATION 
Write 


CITAC is controlled via a bidirectional two-wire |? C bus; the |? C bus is specified in our data handbook 
“ICs for digital systems in radio, audio, and video equipment’. For programming, a module address, 
R/W bit (logic 0), an instruction byte and a data/control byte are written into CITAC in the format 
shown in Fig. 3. 


MODULE ADDRESS INSTRUCTION BYTE DATA/CONTROL BYTE 
MA MA 
msb t msb msb 
R/W 7290129 


Fig. 3 |*C bus write format. 


The module address bits MA1, MAO are used to give a 2-bit module address as a function of the voltage 
at port P20 as shown in Table 1. 


Acknowledge (A) is generated by CITAC only when a valid address is received and the device is not in 
the power-down-reset mode (Vp 1 > 8.5 V (typical)). 


Table 1 Valid module addresses 


don’t care 


GND 
AVP4 


VP1 
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OPERATION (continued) 
Tuning 
Tuning is controlled by the instruction and data/control bytes as shown in Fig. 4. 
INSTRUCTION BYTE DATA/CONTROL BYTE 
Dz Dg De Dy D3 Do Dy Do 
F7 Fe =8F5 F4  F3_~ F2 FA FO 


freq. 


TCDO 


AFCT VTMIO AFCR1 AFCRO TUHN1 TUHNO TUW1 TUWO 


TCD1 VTMI1 COIB1 COIBO AFCS1 AFCSO TUS2 TUS1 TUSO 


TCD2 0 0 0 0 AFCP FDIVM TDIRD TDIRU 


‘ 7 7290125 
Fig. 4 Tuning control format. 


Frequency 


Frequency is set when bit !7 of the instruction byte is set to logic 1; the remainder of this byte 
together with the data/control byte are loaded into the frequency buffer. The frequency to which the 
tuner oscillator is regulated equals the decimal representation of the 15-bit word multiplied by 50 kHz. 
All frequency bits are set to logic 1 at reset. 


Tuning hold 


The TUHN bits are used to decrease the maximum tuning current and, as a consequence, the minimum 
charge IT (at Af = 50 kHz) into the tuning amplifier. 


Table 2 Tuning current control 


* Values after reset. 


During tuning but before lock-in, the highest current value should be selected. 
After lock-in the current may be reduced to decrease the tuning voltage ripple. 


The lowest current value should not be used for tuning due to the input bias current of the tuning 
voltage amplifier (max. 5 nA). However it is good practice to program the lowest current value during 
tuner band switching. 


Tuning sensitivity 


To be able to program an optimum loop gain, the charge !T can be programmed by changing T using 
tuning sensitivity (TUS). Table 3 shows the minimum charge !T obtained by programming the TUS 
bits at Af = 50 kHz; TUHNO and TUHN1 = logic 1. 
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Table 3 Minimum charge IT as a function of TUS 
Af = 50 kHz; TUHNO = logic 1; TUHN1 = logic 1 


typ. AVTUNmin at CINT = 1 HF 
mV 


0,25 * 
0.5 


* Values after reset. 
Correction-in-band 


This control is used to correct the loop gain of the tuning system to reduce in-band variations due to a 
non-linear voltage/frequency characteristic of the tuner. Correction-in-band (COIB) controls the time T 
of the charge equation IT and takes into account the tuning voltage VTUp to give charge multiplying 
factors as shown in Table 4. 


Table 4 Programming correction-in-band 


charge multiplying factors at typical values of VTYj at: 
<12V 12 to 18 V 18 to 24 V >24V 


* * * 


1 
1 
1 
2 


* Values after reset. 


The transconductance multiplying factor of the a.f.c. amplifier is similar when COIB is used, except for 
the lowest transconductance which is not affected. 7 


Tuning window 


Digital tuning is interrupted and FLOCK is set to logic 1 (in-lock) when the absolute deviation |Af| 
between the tuner oscillator frequency and the programmed frequency is smaller than the programmed 
TUW value (see Table 5). If |Af| is up to 50 kHz above the values listed in Table 5, it is possible for the 
system to be locked depending on the phase relationship between FDIV and the reference counter. 


[Af| (KHz) tuning window (kHz) 


O* 


Table 5 Tuning window programming 


50 
150 


* Values after reset. 
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Cd 


OPERATION (continued) 
A.F.C. 


When AFCT is set to logic 1 it will not be cleared and the a.f.c. will remain on as long as |Af| is less than 
the value programmed for the a.f.c. hold range AFCR (see Table 6). It is possible for the a.f.c. to remain 
on for values of up to 50 kHz more than the programmed value depending on the phase relationship 
between FDIV and the reference counter. 


Table 6 A.F.C. hold range programming 


[Af] (kHz) a.f.c. hold range (kHz) 


0* 0* 


350 700 
750 1500 


* Values after reset. 


Transconductance 


The transconductance (g) of the a.f.c. amplifier is programmed via the a.f.c. sensitivity bits AFCS as 
shown in Table 7. 


Table 7 Transconductance programming 


typ. transconductance (uA/V) 


* Value after reset. 


A.F.C. polarity 

If a positive differential input voltage is applied to the (switched on) a.f.c. amplifier, the tuning voltage 
VTUN falls when the a.f.c. polarity bit AFCP is at logic O (value after reset). At AFCP = logic 1, 
VTUN Fises. 

Minimum tuning voltage 

Both minimum tuning voltage control bits, VTMI1 and VTMIO, are at logic O after reset. Further details 
are given in CHARACTERISTICS. 

Frequency measuring window 


The frequency measuring window which is programmed must correspond with the division factor of the 
prescaler in use (see Table 8). 


Table 8 Frequency measuring window programming 


FDIVM prescaler division factor cycle period (ms) measuring window (ms) 


6.4* 5 .12* 
2.56 1.28 
Tuning direction 


Both tuning direction bits, TDIRU (up) and TDIRD (down), are at logic O after reset. 


* Values after reset. 
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Control 


The instruction bytes POD (port output data) and DACX (digital-to-analogue converter control) are 
shown in Fig. 5, together with the corresponding data/control bytes. Control is implemented as follows: 


P13, P12, P11, P10 Band select outputs. If a logic 1 is programmed on any of the POD bits D3 to 
Do, the relevant output goes HIGH. All outputs are LOW after reset. 
P23, P22, P21, P20 Open collector !/O ports. If a logic 0 is programmed on any of the POD bits 


D7 to Dg, the relevant output is forced LOW. All outputs are at logic 1 after 
reset (high impedance state). 

DACX Digital-to-analogue converters. The digital-to-analogue converter selected 
corresponds to the decimal equivalent of the DACX bits X2, X1, XO. The 
output voltage of the selected DAC is set by programming the bits AX5 to 
AX0O; the lowest output voltage is programmed with all data AX5 to AXO at 
logic O, or after reset has been activated. 


INSTRUCTION BYTE DATA/CONTROL BYTE 


POD 


DACX 


7290127 


Fig. 5 Control programming. 


Read 


Information is read from CITAC when the R/W bit is set to logic 1. An acknowledge must be generated 
by the master after each data byte to allow transmission to continue. If no acknowledge is generated by 
the master the slave (CITAC) stops transmitting. The format of the information bytes is shown in Fig. 6. 


MODULE ADDRESS TUNING / RESET INFORMATION PORT INFORMATION 


sli 100 0 MAMA ila A 
1,0 
7Z90130 R/W J [ aaa [ fe master 
RESN P120 


By Bg Bs By Bg By By Bg 


FOV P121 
FL/ON Pi22 
FL/1N P123 
FLOCK P22/0N 
P22/1N 
P23/0N 

P23/1N 
from CITAC from master 


Fig. 6 Information byte format. 
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OPERATION (continued) 


Tuning/reset information bits 


FLOCK Set to logic 1 when the tuning oscillator frequency is within the programmed tuning 
window. 

FL/1N Set to logic O (active LOW) when FLOCK changes from 0 to 1 and is reset to logic 1 
automatically after tuning information has been read. 

FL/ON As for FL/1N but is set to logic O when FLOCK changes from 1 to 0. 

FOV Indicates frequency overflow. When the tuner oscillator frequency is too high with 


respect to the programmed frequency, FOV is at logic 1, and when too low, FOV 
is at logic 0. FOV is not valid when TDIRU and/or TDIRD are set to logic 1. 


RESN Set to logic 0 (active LOW) by a programmed reset or a power-down-reset. It is reset 
to logic 1 automatically after tuning/reset information has been read. 

MWN MWN (frequency measuring window, active LOW) is at logic 1 for a period of 
1.28 ms, during which time the results of frequency measurement are processed. 
This time is independent of the cycle period. During the remaining time, MWN is 
at logic 0 and the received frequency is measured. 
When slightly different frequencies are programmed repeatedly and a.f.c. is 
switched on, the received frequency can be measured using FOV and FLOCK. 
To prevent the frequency counter and frequency buffer being loaded at the same 
time, frequency should be programmed only during the period of MWN = logic O. 


Port information bits 


P23/1N,P22/1N Set to logic O (active LOW) at a LOW-to-HIGH transition in the input voltage on 
P23 and P22 respectively. Both are reset to logic 1 after the port information has 
been read. 


P23/0N,P22/0N _ As for P23/1N and P22/1N but are set to logic 0 at a HIGH-to- LOW transition. 


PI23, PI22,P121, Indicate input voltage levels at P23, P22, P21 and P20 respectively. A logic 1 
Pi20 indicates a HIGH input level. 


Reset 


The programming to reset all registers is shown in Fig. 7. Reset is activated only at data byte HEX 06. 
Acknowledge is generated at every byte, provided that CITAC is not in the power-down-reset mode. 
After the general call address byte, transmission of more than one data byte is not allowed. 


GENERAL CALL ADDRESS HEX06 


fs}o 0 0 0 0 0 0 ofajo 0 0 0011 0 


7290128 


Fig. 7 Reset programming. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage ranges: 


(pin 16) VP —0.3 to +18 V 
(pin 22) Vp9 —0.3 to +18 V 
(pin 17) Vp3 —0.3 to +36 V 
Input/output voltage ranges: 
(pin 5) Vspa —0.3 to +18 V 
(pin 6) VSCL —0.3 to +18 V 
(pins 7 to 10) Vp2x —0.3 to +18 V 
(pins 11 and 12) VAFC+, AFC——0.3 to Vp1* V 
(pin 13) VTi —0.3 to Vp7y* V 
(pin 15) VTUN | —0.3 to Vp3* V 
(pins 18 to 21) Vp1x —0.3 to Vp9**V 
(pin 23) VEDIV —0.3 to Vp;* V 
(pin 24) . Vosc —0.3 to +5 V 
(pins 1 to 4 and 25 to 28) VDACX —0.3 to Vpi* V 
Total power dissipation Prot max. 1000 mW 
Storage temperature range Tstg —55 to +125 OC 
Operating ambient temperature range Tamb —20 to +70 9% 


* Pin voltage may exceed supply voltage if current is limited to 10 mA. 
** Pin voltage must not exceed 18 V but may exceed Vp9 if current is limited to 200 mA. 
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CHARACTERISTICS 
Tamb = 25 °C; Vp, Vp2, Vp3 at typical voltages, unless otherwise specified 


i nnn C8 Ce Ce 


Supply voltages 
Supply currents (no outputs loaded) 


Additional supply currents (A) 
(note 1) 

Total power dissipation 

Operating ambient temperature 


12 bus inputs/outputs 


SDA input (pin 5); 
SCL input (pin 6) 


Input voltage HIGH (note 2) 

Input voltage LOW 

Input current HIGH (note 2) 

Input current LOW (note 2) 

SDA output (pin 5, open collector) 
Output voltage LOW at lol =3mA 
Maximum output sink current 


Open collector 1/O ports 


P20, P21, P22, P23 
(pins 7 to 10, open collector) 


Input voltage HIGH 

Input voltage LOW 

Input current HIGH 

Input current LOW 

Output voltage LOW at Io, = 2mA 


Maximum output sink current 
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A.F.C. amplifier 
Inputs AFC+, AFC— (pins 11, 12) 


Transconductance for input voltages 
up to 1 V differential: 


AFCS1 AFCS2 


0 0 
0 1 
1 0 
1 1 


Tolerance of transconductance 
multiplying factor (2, 4 or 8) 
when correction-in-band is used 


Input offset voltage 

Common mode input voltage 
Common mode rejection ratio 
Power supply (Vp7) rejection ratio 
Input current 


Tuning voltage amplifier 
Input Tl, output TUN (pins 13, 15) 


Maximum output voltage at 
Noad = +2.5 mA 


Minimum output voltage at 


VTMI1 VTMIO 
0 0 
1 0 
1 1 


Maximum output source current 
Maximum output sink current 
Input bias current 

Power supply (Vp3) rejection ratio 
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CHARACTERISTICS (continued) 


Tuning voltage amplifier (continued) 


Minimum charge IT to tuning voltage amplifier 


TUHN1 TUHNO 
0 . : LA us 
1 MA us 
0 LA US 
1 LA Us 
Tolerance of charge (or AVTYN) 

multiplying factor when 

COIB and/or TUS are used % 
Maximum current | into tuning amplifier 

TUHN1 TUHNO 

0 0 : : : LA 
0 1 LA 
1 0 LA 
1 1 LA 
Correction-in-band 
Tolerance of correction-in-band 

levels 12 V, 18 V and 24 V % 
Band-select output ports 
P10, P11, P12, P13 (pins 18 to 21) 

Output voltage HIGH at 

—lQH = 50 mA (note 3) V 
Output voltage LOW at Io, = 2mA : V 
Maximum output source current (note 3) mA 
Maximum output sink current mA 
FDIV input (pin 23) 

Input voltage (peak-to-peak value) 

(trise aNd tai; < 40 ns) _p) 0. V 
Duty cycle % 
Maximum input frequency : MHz 
Input impedance kQ2 
Input capacitance pF 
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—" (out fam, lon (oe | oe 


OSC input (pin 24) 
Crystal resistance at resonance (4 MHz) 


DAC outputs 0 to 7 
(pins 25 to 28 and 1 to 4) 


Maximum output voltage (no load) 
“at Vp1 = 12 V (note 4) 


Minimum output voltage (no load) 
at Vp1 = 12 V (note 4) 


Positive value of smallest step 
(1 least-significant bit) 


Deviation from linearity 

Output impedance at Ijgaq = +2 mA 
Maximum output source current 
Maximum output sink current 


Power-down-reset 


Maximum supply voltage Vp 1 at which 
power-down- reset is active 

V pj rise-time during power-up 

‘(up to Vpp) 


Voltage level for valid module address 


Voltage level at P20 (pin 7) for valid module 
address as a function of MA1, MAO 


MA1 MAO 
0 0 
0 1 
1 0 
1 1 


Notes to the characteristics 


1. For each band-select output which is programmed at logic 1, sourcing a current |G yp 1 x, the addi- 
tional supply currents (A) shown must be added to Ip9 and Ip3 respectively. 


2. If Vpy <1 V, the input current is limited to 10 uA at input voltages up to 16 V. 


3. At continuous operation the output current should not exceed 50 mA. When the output is short- 
circuited to ground for several seconds the device may be damaged. 


4. Values are proportional to Vp. 
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1?C BUS TIMING (Fig. 8) 
12C bus load conditions are as follows: 


Product Specification 


SAB3035 


4 kQQ2 pull-up resistor to +5 V; 200 pF capacitor to GND. 
All values are referred to Vjpy=3 V and Vj, = 1.5 V. 


Bus free before start 

Start condition set-up time 
Start condition hold time 
SCL, SDA LOW period 
SCL HIGH period 

SCL, SDA rise time 

SCL, SDA fall time 

Data set-up time (write) 
Data hold time (write) 
Acknowledge (from CITAC) set-up time 
Acknowledge (from CITAC) hold time 
Stop condition set-up time 

Data set-up time (read) 

Data hold time (read) 

Acknowledge (from master) set-up time 
Acknowledge (from master) hold time 


Note 


parameter 


tSU,DAT 
tHD,DAT 
tsu,CAC 
tHD,CAC 
tsu,STO 

tSU,RDA 
tHD,RDA | 
tsuU,MAC 

tHD, MAC 


Timings tgy DAT and typ DAT deviate from the |? C bus specification . 
After reset has been activated, transmission may only be started after a 50 us delay. 


SDA 
( write) 


<tBuF> 


SCL 


<—_—_——__»! |<——_»> 
tsu,STA ‘tHD,STA 


= — 
(read) LN 


t————-_——>- 
su, STO 
\ 7 "A' from 
) master 


el le So 


tsu, MAC tHD, MAC 7290131 


Fig. 8 |*C bus timing SAB3035. 
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GENERAL DESCRIPTION 


Product Specification 


SAB3036 


The SAB3036 provides closed-loop digital tuning of TV receivers, with or without a.f.c., as required. 
It also controls 4 general purpose I/O ports and 4 high-current outputs for tuner band selection. 


The IC is used in conjunction with a microcomputer from the MAB8400 family and is controlled via 


a two-wire, bidirectional I?C bus. 


Features 

@ Combined analogue and digital circuitry minimizes the number of additional interfacing components 
required 

@ Frequency measurement with resolution of 50 kHz 

@ Selectable prescaler divisor of 64 or 256 

@ 32 V tuning voltage amplifier 

® 4 high-current outputs for direct band selection 

@ Four general purpose input/output (1/0) ports 

@ Tuning with control of speed and direction 

® Tuning with or without a.f.c. 

@ Single-pin, 4 MHz on-chip oscillator 

@ |?C bus slave transceiver 


QUICK REFERENCE DATA 


Supply voltages 


(pin 5) VP4 

(pin 14) Vp2 

(pin 9) | VP3 
Supply currents (no outputs loaded) 

(pin 5) Ip4 

(pin 14) Ip9 

(pin 9) | Ip3 
Total power dissipation | Prot 
Operating ambient temperature range Tamb 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT-102HE). 
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SDA 


SCL 


PRESCALER 


POWER -DOWN 
DETECTOR 


REFERENCE 
OSCILLATOR 


CONTROL 
CIRCUIT 


SAB3036 


ee 
rMwn | 


TIME 
REFERENCE |FDIVM 
COUNTER TUS 


15-BIT 
FREQUENCY COUNTER 


[p9Q)! 
gee! 


pin 
pPl21, 


p99! aa) 
pPl22, P22/ 


(~=5,° 1 fernac Coo 
Fov | (FLOCK) CFL J 
(asl aaa NING CONTRO {RCVIT 
(PI7s) POST sbeaA deal a 

PORT 2 
CONTROL CIRCUIT 


DIVISOR 
SELECTOR 


12-BIT 
TUNING COUNTER 


CHARGE 
PUMP 


TUNING 
VOLTAGE 
AMPLIFIER 


A.F.C. 
AFC— AMPLIFIER 
Pa 
CORRECTION- 
IN-BAND 
CIRCUIT 
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Fig. 1 Block diagram. 
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PINNING 


P20 general purpose 
P21 input/output ports 


1 
2 
3 P22/AFC+ \ general purpose input/output 
4 P23/AFC—! ports and a.f.c. inputs 
5 
6 


Vp + 12 V supply voltage 
SAB3036 Tl tuning voltage amplifier 
inverting input 
7 GND ground 
8 TUN tuning voltage amplifier output 
9 Vp3 + 32 V supply for tuning 
voltage amplifier 
10 P10 
7290183 11 P11 | high-current band-selection 
Fig. 2 Pinning diagram. 12 P12 | output ports 
13 P13 | 
14 Vp positive supply for high-current 
band-selection output circuits 
15 FDIV input from prescaler 
16 OSC crystal oscillator input 
17 SDA serial data line | 
18 SCL serial clock line | anes 
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FUNCTIONAL DESCRIPTION 


The SAB3036 is a monolithic computer interface which provides tuning and control functions and 
operates in conjunction with a microcomputer via an |? C bus. 


Tuning 


This is performed using frequency-locked loop digital control. Data corresponding to the required tuner 
frequency is stored in a 15-bit frequency buffer. The actual tuner frequency, divided by a factor of 256 
(or by 64) by a prescaler, is applied via a gate to a 15-bit frequency counter. This input (FDIV) is 
measured over a period controlled by a time reference counter and is compared with the contents of 
the frequency buffer. The result of the comparison is used to control the tuning voltage so that the 
tuner frequency equals the contents of the frequency buffer multiplied by 50 kHz within a program- 
mable tuning window (TUW). 


The system cycles over a period of 6.4 ms (or 2.56 ms), controlled by the time reference counter which 
is clocked by an on-chip 4 MHz reference oscillator. Regulation of the tuning voltage is performed by a 
charge pump frequency-locked loop system. The charge IT flowing into the tuning voltage amplifier is 
controlled by the tuning counter, 3-bit DAC and the charge pump circuit. The charge IT is linear with 
the frequency deviation Af in steps of 50 kHz. For loop gain control, the relationship AIT/Af is 
programmable. In the normal mode (when control bits TUHNO and TUHN1 are both at logic 1, see 
OPERATION), the minimum charge IT at Af = 50 kHz equals 250 wA us (typical). 


By programming the tuning sensitivity bits (TUS), the charge IT can be doubled up to 6 times. If 
correction-in-band (COIB) is programmed, the charge can be further doubled up to three times in 
relation to the tuning voltage level. From this, the maximum charge IT at Af = 50 kHz equals 

2© x 23 x 250 A us (typical). 


The maximum tuning current | is 875 uA (typical). In the tuning-hold (TUHN) mode (TUHN is active 
LOW), the tuning current | is reduced and as a consequence the charge into the tuning amplifier is also 
reduced. 


An in-lock situation can be detected by reading FLOCK. When the tuner oscillator frequency is within 
the programmable tuning window (TUW), FLOCK is set to logic 1. If the frequency is also within the 
programmable a.f.c. hold range (AFCR), which always occurs if AFCR is wider than TUW, control bit eee eee 
AFCT can be set to logic 1. When set, digital tuning will be switched off, a.f.c. will be switched on and . 
FLOCK will stay at logic 1 as long as the oscillator frequency is within AFCR. If the frequency of the 8 
tuning oscillator does not remain within AFCR, AFCT is cleared automatically and the system reverts 

to digital tuning. To be able to detect this situation, the occurrence of positive and negative transitions 
in the FLOCK signal can be read (FL/1N and FL/ON). AFCT can also be cleared by programming the 
AFCT bit to logic 0. 

The a.f.c. has programmable polarity and transconductance; the latter can be doubled up to 3 times, 
depending on the tuning voltage level if correction-in-band is used. 

The direction of tuning is programmable by using control bits TDIRD (tuning direction down) and 
TDIRU (tuning direction up). If a tuner enters a region in which oscillation stops, then, providing the 
prescaler remains stable, no FDIV signal is supplied to CITAC. In this situation the system will tune up, 
moving away from frequency lock-in. This situation is avoided by setting TDIRD which causes the 
system to tune down. In normal operation TDIRD must be cleared. 

If a tuner stops oscillating and the prescaler becomes unstable by going into self-oscillation at a very high 
frequency, the system will react by tuning down, moving away from frequency lock-in. To overcome 
this, the system can be forced to tune up at the lowest sensitivity (TUS) value, by setting TDIRU. 
Setting both TDIRD and TDIRU causes the digital tuning to be interrupted and a.f.c. to be switched on. 


The minimum tuning voltage which can be generated during digital tuning is programmable by VTMI to 
prevent the tuner being driven into an unspecified low tuning voltage region. 
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Control 


For tuner band selection there are four outputs P10 to P13 which are capable of sourcing up to 50 mA 
at a voltage drop of less than 600 mV with respect to the separate power supply input Vp2. 


For additional digital control, four open collector |/O ports P20 to P23 are provided. Ports P22 and 
P23 are capable of detecting positive and negative transitions in their input signals and are connected 
with the AFC+ and AFC— inputs respectively. The a.f.c. amplifier must be switched off when P22 
and/or P23 are used. When a.f.c. is used, P22 and P23 must be programmed HIGH (high impedance 
state). With the aid of port P20, up to three independent module addresses can be programmed. 


Reset 
CITAC goes into the power-down-reset mode when Vp is below 8.5 V (typical). In this mode all 


registers are set to a defined state. Reset can also be programmed. 


OPERATION 
Write 


CITAC is controlled via a bidirectional two-wire |?C bus; the |? C bus is specified in our data handbook 
“ICs for digital systems in radio, audio, and video equipment’’. For programming, a module address, 


R/W bit (logic 0), an instruction byte and a data/control byte are written into CITAC in the format 
shown in Fig. 3. | 


MODULE ADDRESS INSTRUCTION BYTE DATA/CONTROL BYTE 


MA'MA 
BE er aie ee of Al! le Ip Ig Ig Ip lo | A | Or Dg D5 Dg Dg Dg Dy Do} a| ° | 
msb a msb msb | 
R/W . 


7290129 


Fig. 3 1?C bus write format. 


The module address bits MA1, MAO are used to give a 2-bit module address as a function of the voltage 
at port P20 as shown in Table 1. 


Acknowledge (A) is generated by CITAC only when a valid address is received and the device is not in 
the power-down-reset mode (Vp 1 > 8.5 V (typical)). 
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OPERATION (continued) 


Table 1 Valid module addresses 


don’t care 


GND 
AVP 4 


VP 


Tuning 
Tuning is controlled by the instruction and data/control! bytes as shown in Fig. 4. 


INSTRUCTION BYTE DATA/CONTROL BYTE 


D7 Dg Dg Dg Dz Dp Dy ~~ Dg 
freq. F7  F6 = FS CFA COFBCFDs*FA FO 
TCDO AFCT VTMIO AFCR1 AFCRO TUHN1 TUHNO TUW1 TUWO 
TCD1 VTMI1 COIB1 COIBO AFCS1 AFCSO TUS2 TUS1 TUSO 


TCD2 


0 0 0 0 AFCP FDIVM TDIRD TDIRU 


. . 7290125 
Fig. 4 Tuning control format. 


Frequency 


Frequency is set when bit 17 of the instruction byte is set to logic 1; the remainder of this byte 
together with the data/control byte are loaded into the frequency buffer. The frequency to which the 
tuner oscillator is regulated equals the decimal representation of the 15-bit word multiplied by 50 kHz. 
All frequency bits are set to logic 1 at reset. 


Tuning hold 


The TUHN bits are used to decrease the maximum tuning current and, as a consequence, the minimum 
charge IT (at Af = 50 kHz) into the tuning amplifier. 


Table 2 Tuning current control 


5* 
; : 
1 ie 30 30 
875 250 250 


* Values after reset. 


During tuning but before lock-in, the highest current value should be selected. 
After lock-in the current may be reduced to decrease the tuning voltage ripple. 


The lowest current value should not be used for tuning due to the input bias current of the tuning 
voltage amplifier (max. 5 nA). However it is good practice to program the lowest current value during 
tuner band switching. 
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Tuning sensitivity 


To be able to program an optimum loop gain, the charge IT can be programmed by changing T using 
tuning sensitivity (TUS). Table 3 shows the minimum charge IT obtained by programming the TUS 
bits at Af = 50 kHz; TUHNO and TUHN'1 = logic 1. 


Table 3 Minimum charge IT as a function of TUS 
Af = 50 kHz; TUHNO = logic 1; TUHN1 = logic 1 


typ. !Tmin typ. AVTUNmin at CINT = 1 HF 
mA us mV 


0.25* 0.25 * 
0.5 0.5 


* Values after reset. 


Correction-in-band 


This control is used to correct the loop gain of the tuning system to reduce in-band variations due to a 
non-linear voltage/frequency characteristic of the tuner. Correction-in-band (COIB) controls the time T 
of the charge equation IT and takes into account the tuning voltage Vj to give charge multiplying 
factors as shown in Table 4. 


Table 4 Programming correction-in-band 


charge multiplying factors at typical values of VTUj at: 
<12V 12 to 18 V 18 to 24 V >24V 


* * 


1 
1 
1 
1 


* Values after reset. 


The transconductance multiplying factor of the a.f.c. amplifier is similar when COIB is used, except for 
the lowest transconductance which is not affected. 


Tuning window 


Digital tuning is interrupted and FLOCK is set to logic 1 (in-lock) when the absolute deviation |Af| 
between the tuner oscillator frequency and the programmed frequency is smaller than the programmed 
TUW value (see Table 5). If |Af| is up to 50 kHz above the values listed in Table 5, it is possible for the 
system to be locked depending on the phase relationship between FDIV and the reference counter. 
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OPERATION (continued) 


Table 5 Tuning window programming 


[Af] (kHz) tuning window (kHz) 


0* 0* 


50 100 
150 300 


* Values after reset. 


Ak C, 


When AFCT is set to logic 1 it will not be cleared and the a.f.c. will remain on as long as |Af| is less than 
the value programmed for the a.f.c. hold range AFCR (see Table 6). It is possible for the a.f.c. to remain 
on for values of up to 50 kHz more than the programmed value depending on the phase relationship 
between FDIV and the reference counter. 


Table 6 A.F.C. hold range programming 
|Af| (kHz) a.f.c. hold range (kHz) 
0O* 
350 
750 


* Values after reset. 


Transconductance 


The transconductance (g) of the a.f.c. amplifier is programmed via the a.f.c. sensitivity bits AFCS as 
shown in Table 7. 


Table 7 Transconductance programming 


typ. transconductance (uA/V) 


0 0.25* 
1 25 
0 50 
1 100 


* Value after reset. 


A.F.C. polarity 


If a positive differential input voltage is applied to the (switched on) a.f.c. amplifier, the tuning voltage 
VTUN falls when the a.f.c. polarity bit AFCP is at logic 0 (value after reset). At AFCP = logic 1, 


VTUN Fises. 
Minimum tuning voltage 


Both minimum tuning voltage control bits, VTMI1 and VTMIO, are at logic O after reset. Further details 
are given in CHARACTERISTICS. 
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Frequency measuring window 


The frequency measuring window which is programmed must correspond with the division factor of the 
prescaler in use (see Table 8). 


Table 8 Frequency measuring window programming 


cycle period (ms) measuring window (ms) 


6.4* 5.12* 
2.56 1.28 
Tuning direction 


Both tuning direction bits, TDIRU (up) and TDIRD (down), are at logic O after reset. 


prescaler division factor 


* Values after reset. 


Control 


The instruction byte POD (port output data) is shown in Fig. 5, together with the corresponding data/ 
control byte. Control is implemented as follows: 


P13, P12, P11, P10 Band select outputs. If a logic 1 is programmed on any of the POD bits D3 to 
Do, the relevant output goes HIGH. All outputs are LOW after reset. 
P23, P22, P21, P20 Open collector 1/O ports. If a logic 0 is programmed on any of the POD bits 


D7 to Dg, the relevant output is forced LOW. All outputs are at logic 1 after 
reset (high impedance state). 


INSTRUCTION BYTE DATA/CONTROL BYTE 
POD} O 0 1 0 1 Q0.0OCCO00 0 [p23 P22 P21 P20 P13 P12 P11 P10| 
7Z90164 


Fig. 5 Control programming. 
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OPERATION (continued) 
Read 


Information is read from C!ITAC when the R/W bit is set to logic 1. An acknowledge must be generated 
by the master after each data byte to allow transmission to continue. If no acknowledge is generated by 
the master the slave (CITAC) stops transmitting. The format of the information bytes is shown in Fig. 6. 


MODULE ADDRESS TUNING / RESET INFORMATION PORT INFORMATION 


By Bg Be Bg Bz By By Bg 


SRG eee ee eae eee 
7290130 R/W Ei if ie MWN [ I: from master 
RESN P120 


FOV PI21 
FL/ON Pi22 
FL/1N PI23 
FLOCK P22/0N 
P22/1N 
P23/0N 
P23/1N 
from CITAC from master 


Fig. 6 Information byte format. 


Tuning/reset information bits 


FLOCK Set to logic 1 when the tuning oscillator frequency is within the programmed tuning 
window. 

FL/1N Set to logic 0 (active LOW) when FLOCK changes from 0 to 1 and is reset to logic 1 
automatically after tuning information has been read. 

FL/ON As for FL/1N but is set to logic O when FLOCK changes from 1 to 0. 

FOV Indicates frequency overflow. When the tuner oscillator frequency is too high with 


respect to the programmed frequency, FOV is at logic 1, and when too low, FOV 
is at logic 0. FOV is not valid when TDIRU and/or TDIRD are set to logic 1. 


RESN Set to logic O (active LOW) by a programmed reset or a power-down-reset. It is reset 
to logic 1 automatically after tuning/reset information has been read. 


MWN MWN (frequency measuring window, active LOW) is at logic 1 for a period of 
1.28 ms, during which time the results of frequency measurement are processed. 
This time is independent of the cycle period. During the remaining time, MWN is 
at logic O and the received frequency is measured. 


When slightly different frequencies are programmed repeatedly and a.f.c. is 
switched on, the received frequency can be measured using FOV and FLOCK. 
To prevent the frequency counter and frequency buffer being.loaded at the same 
time, frequency should be programmed only during the period of MWN = logic 0. 
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Port information bits 


P23/1N,P22/1N — Set to logic 0 (active LOW) at a LOW-to-HIGH transition in the input voltage on 


P23 and P22 respectively. Both are reset to logic 1 after the port information has 


P23/0N, P22/0N 


PI23, PI22, PI21, 
P120 


Reset 


The programming to reset all registers is shown in Fig. 7. Reset is activated only at data byte HEX 06. 


been read. 


As for P23/1N and P22/1N but are set to logic 0 at a HIGH-to-LOW transition. 
Indicate input voltage levels at P23, P22, P21 and P20 respectively. A logic 1 


indicates a HIGH input level. 


Acknowledge is generated at every byte, provided that CITAC is not in the power-down-reset mode. 
After the general call address byte, transmission of more than one data byte is not allowed. 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


GENERAL CALL ADDRESS 


Fig. 7 Reset programming. 


Supply voltage ranges: 


7Z90128 


(pin 5) Vp4 —0.3 to+ 18 V 

(pin 14) Vp2 —0.3 to+ 18 V 

(pin 9) Vp3 —0.3 to + 36 V 
Input/output voltage ranges: | 

(pin 17) VSDA —0.3 to+ 18 V 

(pin 18) VSCL —0.3 to+ 18 V 

(pins 1 and 2) VP20, P21 —0.3 to+ 18 V 


(pins 3 and 4) 
(pin 6) 


VP22, P23, AFC 
VT 


—0.3 to Vpy* V 
—0.3 to Vp4* V 


(pin 8) VTUN —0.3 to Vp3* V 
(pins 10 to 13) VP1ix —0.3 to Vp9** V 
(pin 15) VEDIV —0.3 to Vp1* V 
(pin 16) Vosc —0.3 to+5V 
Total power dissipation Prot max. 1000 mW 
Storage temperature range T stg —55 to + 125 °C 
Operating ambient temperature Tamb —20 to + 70 °C 


* Pin voltage may exceed supply voltage if current is limited to 10 mA. 
** Pin voltage must not exceed 18 V but may exceed Vp9 if current is limited to 200 mA. 
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CHARACTERISTICS 
Tamb = 25 °C; Vp1, Vp2, Vp3 at typical voltages, unless otherwise specified 


I crore 


Supply voltages 
Supply currents (no outputs loaded) 


Additional supply currents (A) 
(note 1) 

Total power dissipation 

Operating ambient temperature 


I?C bus inputs/outputs 


SDA input (pin 17); 
SCL input (pin 18) 


Input voltage HIGH (note 2) 
Input voltage LOW 

Input current HIGH (note 2) 
Input current LOW (note 2) 


SDA output (pin 17, open collector) 
Output voltage LOW at Io, =3mA 


Maximum output sink current 


Open collector |/O ports 


P20, P21, P22, P23 
(pins 1 to 4, open collector) 


Input voltage HIGH (P20, P21) 

Input voltage HIGH (P22, P23) AFC switched off 
Input voltage LOW 

Input current HIGH 

Input current LOW 

Output voltage LOW at Io, = 2mA 


Maximum output sink current 
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A.F.C. amplifier 
Inputs AFC+, AFC— (pins 3, 4) 


Transconductance for input voltages 
up to 1 V differential: 


AFCS1 AFCS2 


0 0 goo 
0 1 901 
1 0 910 
1 1 911 


Tolerance of transconductance 
multiplying factor (2, 4 or 8) 


when correction-in-band is used AMg 
Input offset voltage Vioff 
Common mode input voltage Vecom 
Common mode rejection ratio CMRR 
Power supply (Vp7) rejection ratio PSRR 


Input current (P22 and P23 programmed HIGH) r 


Tuning voltage amplifier 
Input Tl, output TUN (pins 6, 8) 
Maximum output voltage at 


load = 2.5 mA VTUN 
Minimum output voltage at 
load = 2.5 mA: 
VTMI1 VTMIO 
0 0 VTMOO 
1 0 VTM10 
1 1 VT™M11 
Maximum output source current | —ITUNH 
Maximum output sink current ITUNL 
Input bias current IT] 
Power supply (Vp3) rejection ratio PSRR 
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CHARACTERISTICS (continued) 


Tuning voltage amplifier (continued) 


Minimum charge IT to tuning voltage amplifier 


TUHN1 TUHNO 
0 0 
0 1 
1 0 
1 1 


Tolerance of charge (or AVTUN) 
multiplying factor when 
COIB and/or TUS are used 


Maximum current | into tuning amplifier 


TUHN1 TUHNO 
0 0 
0 1 
1 0 
1 1 


Correction-in-band 


Tolerance of correction-in-band 
levels 12 V, 18 V and 24 V 


Band-select output ports 
P10, P11, P12, P13 (pins 10 to 13) 


Output voltage HIGH at 
—IQH = 50 mA (note 3) 


Output voltage LOW at lo, = 2mA 
Maximum output source current (note 3) 


Maximum output sink current 


FDIV input (pin 15) 


Input voltage (peak-to-peak value) 
(trise and tea}; < 40 ns) 


Duty cycle 

Maximum input frequency 
Input impedance 

Input capacitance 
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OSC input (pin 24) 
Crystal resistance at resonance (4 MHz) 


Power-down-reset 


Maximum supply voltage Vp4 at which 
power-down-reset is active 


Vp 1 rise-time during power-up 
(up to Vpp) 


Voltage level for valid module address 


Voltage level at P20 (pin 1) for valid module 
address as a function of MA1, MAO 


MA1 MAO 
0 0 
0 
1 
1 


1 
0 
1 


Notes to the characteristics 


1. For each band-select output which is programmed at logic 1, sourcing a current IOyp1 x, the addi- 
tional supply currents (A) shown must be added to |p9 and Ip3 respectively. 


2. If Vpy <1 V, the input current is limited to 10 vA at input voltages up to 16 V. 


3. At continuous operation the output current should not exceed 50 mA. When the output is short- 
circuited to ground for several seconds the device may be damaged. 


4. Values are proportional to Vp4. 
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i2C BUS TIMING (Fig. 8) 


12C bus load conditions are as follows: 
4 kQ pull-up resistor to +5 V; 200 pF capacitor to GND. 


All values are referred to V)p}j=3 V and Vj, = 1.5 V. 
parameter 


Bus free before start 

Start condition set-up time 

Start condition hold time 

SCL, SDA LOW period 

SCL HIGH period 

SCL, SDA rise time 

SCL, SDA fall time 

Data set-up time (write) tsuU,DAT 
Data hold time (write) tHD,DAT 
Acknowledge (from CITAC) set-up time tSuU,CAC 
Acknowledge (from CITAC) hold time tHD,CAC 
Stop condition set-up time tsu,STO 
Data set-up time (read) tSU,RDA 


Data hold time (read) tHD,RDA 


Acknowledge (from master) set-up time tsu,MAC 
Acknowledge (from master) hold time tHD, MAC 


Note 
Timings tsy DAT and typ DAT deviate from the |? C bus specification . 


After reset has been activated, transmission may only be started after a 50 us delay. 


SDA 
é\ 
=> 


<'BUF > 
tsu, CAC 


SCL 


<—_\___—_}> 


ele 


tsu, RDA tHD, RDA Tsu, MAC 


Fig. 8 1*C bus timing SAB3036. 
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GENERAL DESCRIPTION 


The SAB3037 provides closed-loop digital tuning of TV receivers, with or without a.f.c., as required. It 
also controls up to 4 analogue functions, 4 general purpose 1/O ports and 4 high-current outputs for 
tuner band selection. 


The IC is used in conjunction with a microcomputer from the MAB8400 family and is controlled via a 
two-wire, bidirectional |? C bus. 


Features 


® Combined analogue and digital circuitry minimizes the number of additional interfacing components 
required 


Frequency measurement with resolution of 50 kHz 

Selectable prescaler divisor of 64 or 256 

32 V tuning voltage amplifier 

4 high-current outputs for direct band selection 

4 static digital to analogue convertors (DACs) for control of analogue functions 
Four general purpose input/output (1/O) ports 

Tuning with control of speed and direction 

Tuning with or without a.f.c. 

Single-pin, 4 MHz on-chip oscillator 


12C bus slave transceiver 


QUICK REFERENCE DATA 


Supply voltages 


(pin 13) VP typ. 12 V 

(pin 19) Vp2 typ. 13 V 

(pin 14) Vp3 typ. 32 V 
Supply currents (no outputs loaded) 

(pin 13) Ip4 typ. 30 mA 

(pin 19) Ipo typ. 0.1 mA 

(pin 14) Ip3 typ. 0.6 mA 
Total power dissipation Prot typ. 380 mW 
Operating ambient temperature range Tamb —20 to +70 °C 


PACKAGE OUTLINE 
24-lead DIL; plastic (SOT-101A). 
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— i PRESCALER 


POWER -DOWN REFERENCE 
DETECTOR OSCILLATOR 
SAB3037 i 
CONTROL TUNER 
CIRCUIT 
SDA 
ay ae 
SCL 
3 15 


asa 
ge LMWN | 


REFERENCE 


COUNTER TUS 


15-BIT 


4 oo FREQUENCY COUNTER 


eS ee 
C99) poop ees sears —— 
P22, F221 LFOV | (FLOCK) ( FL/} 


Al eg 
"pins! POS 
[Pi23! (P23/ TUNING CONTROL CIRCUIT 


AFCT 
CONTROL CIRCUIT 


PORT 2 


DIVISOR 
SELECTOR 


TUN 
12 
12-BIT CHARGE 
TUNING COUNTER cue ages cigs 
AMPLIFIER 
AFC+ 
: TI 
AFC— 10 
9 
COIB 
CORRECTION- 
IN - BAND 
CIRCUIT 
7290133 


Fig. 1 Block diagram. 
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PINNING 
1 DAC3 output of static DAC 
2 SDA serial data line l 
: 1?C bus 
3 SCL serial clock line | 
4 P20 
5 P21 general purpose 
6 P22 input/output ports 
7 ~~ =P23 
8 AFC+t+ 
a.f.c. inputs 
9 AFC— 
10. Ti tuning voltage amplifier inverting input 
11 GND ground 
12 TUN tuning voltage amplifier output 
13. Vpq + 12 V supply voltage 
14 Vp3 + 32 V supply for tuning voltage 


amplifier 


7Z86665.1 


Fig. 2 Pinning diagram. ; 
high-current band-selection output ports 


—=— = = = x 
Oo On moO OF 
m°) 

— 

NO 


Vp2 positive supply for high-current 
band-selection output circuits 


20 FDIV input from prescaler 
21 OSC crystal oscillator input 
22 DACO 

23 DAC1 outputs of static DACs 
24 DAC2 
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FUNCTIONAL DESCRIPTION 


The SAB3037 is a monolithic computer interface which provides tuning and control functions and 
operates in conjunction with a microcomputer via an |? C bus. 


Tuning 


This is performed using frequency-locked loop digital control. Data corresponding to the required tuner 
frequency is stored in a 15-bit frequency buffer. The actual tuner frequency, divided by a factor of 256 
(or by 64) by a prescaler, is applied via a gate to a 15-bit frequency counter. This input (FDIV) is 
measured over a period controlled by a time reference counter and is compared with the contents of 
the frequency buffer. The result of the comparison is used to control the tuning voltage so that the 
tuner frequency equals the contents of the frequency buffer multiplied by 50 kHz within a program- 
mable tuning window (TUW). 


The system cycles over a period of 6.4 ms (or 2.56 ms), controlled by the time reference counter which 
is clocked by an on-chip 4 MHz reference oscillator. Regulation of the tuning voltage is performed by a 
charge pump frequency-locked loop system. The charge IT flowing into the tuning voltage amplifier is 
controlled by the tuning counter, 3-bit DAC and the charge pump circuit. The charge !T is linear with 
the frequency deviation Af in steps of 50 kHz. For loop gain control, the relationship AIT/Af is 
programmable. In the normal mode (when control bits TUHNO and TUHN‘1 are both at logic 1, see 
OPERATION), the minimum charge IT at Af = 50 kHz equals 250 wA us (typical). 


By programming the tuning sensitivity bits (TUS), the charge |T can be doubled up to 6 times. If 
correction-in-band (COIB) is programmed, the charge can be further doubled up to three times in 
relation to the tuning voltage level. From this, the maximum charge !T at Af = 50 kHz equals 

2° x 23 x 250 WA us (typical). 


The maximum tuning current | is 875 wA (typical). In the tuning-hold (TUHN) mode (TUHN is active 
LOW), the tuning current | is reduced and as a consequence the charge into the tuning amplifier is also 
reduced. 


An in-lock situation can be detected by reading FLOCK. When the tuner oscillator frequency is within 
the programmable tuning window (TUW), FLOCK is set to logic 1. If the frequency is also within the 
programmable a.f.c. hold range (AFCR), which always occurs if AFCR is wider than TUW, control bit 
AFCT can be set to logic 1. When set, digital tuning will be switched off, a.f.c. will be switched on and 
FLOCK will stay at logic 1 as long as the oscillator frequency is within AFCR. If the frequency of the 
tuning oscillator does not remain within AFCR, AFCT is cleared automatically and the system reverts 
to digital tuning. To be able to detect this situation, the occurrence of positive and negative transitions 
in the FLOCK signal can be read (FL/1N and FL/ON). AFCT can also be cleared by programming the 
AFCT bit to logic 0. 


The a.f.c. has programmable polarity and transconductance; the latter can be doubled up to 3 times, 
depending on the tuning voltage level if correction-in-band is used. 


The direction of tuning is programmable by using control bits TDIRD (tuning direction down) and 
TDIRU (tuning direction up). If a tuner enters a region in which oscillation stops, then, providing the 
prescaler remains stable, no FDIV signal is supplied to CITAC. In this situation the system will tune up, 
moving away from frequency lock-in. This situation is avoided by setting TDIRD which causes the 
system to tune down. In normal operation TDIRD must be cleared. 


lf a tuner stops oscillating and the prescaler becomes unstable by going into self-oscillation at a very high 
frequency, the system will react by tuning down, moving away from frequency lock-in. To overcome 
this, the system can be forced to tune up at the lowest sensitivity (TUS) value, by setting TDIRU. 


Setting both TDIRD and TDIRU causes the digital tuning to be interrupted and a.f.c. to be switched on. 


The minimum tuning voltage which can be generated during digital tuning is programmable by VTMI to 
prevent the tuner being driven into an unspecified low tuning voltage region. 
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Control 


For tuner band selection there are four outputs P10 to P13 which are capable of sourcing up to 50 mA 
at a voltage drop of less than 600 mV with respect to the separate power supply input Vp9. 


For additional digital control, four open collector |/O ports P20 to P23 are provided. Ports P22 and 
P23 are capable of detecting positive and negative transitions in their input signals. With the aid of port 
P20, up to three independent module addresses can be programmed. 


Four 6-bit digital-to-analogue converters DACO to DAC3 are provided for analogue control. 


Reset 


CITAC goes into the power-down-reset mode when Vpy is below 8.5 V (typical). In this mode all 
registers are set to a defined state. Reset can also be programmed. 


OPERATION 
Write 


CITAC is controlled via a bidirectional two-wire |* C bus; the I*C bus is specified in our data handbook 
“ICs for digital systems in radio, audio, and video equipment’. For programming, a module address, 
R/W bit (logic 0), an instruction byte and a data/control byte are written into CITAC in the format 
shown in Fig. 3. 


MODULE ADDRESS INSTRUCTION BYTE DATA/CONTROL BYTE 


MA'MA : 
he it. 0,20 eG 7 Ig tp 1g Ig ly ty lo | A [Pr Dg Ds D4 D3 Do Dy Do] |e | 
msb i msb msb 
R/W 


7290129 


Fig. 3 1?C bus write format. 


The module address bits MA1, MAO are used to give a 2-bit module address as a function of the voltage 
at port P20 as shown in Table 1. 


Acknowledge (A) is generated by CITAC only when a valid address is received and the device is not in 
the power-down-reset mode (Vp1 > 8.5 V (typical)). 


Table 1 Valid module addresses 


don’t care 


GND 
AVP 4 


VP4 
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OPERATION (continued) 
Tuning | 
Tuning is controlled by the instruction and data/control bytes as shown in Fig. 4. 
INSTRUCTION BYTE DATA/CONTROL BYTE 
Dy Dg Ds Dy D3 Dy D, Dg 
F7 F6 F5 F4 F3 F2 F1 FO 


freq. 


TCDO 


AFCT VTMIO AFCR1 AFCRO TUHN1 TUHNO TUW1 TUWO 


TCD1 VTMI1 COIB1 COIBO AFCS1 AFCSO TUS2 TUS1 TUSO 


TCD2 0 0 0 0 AFCP FDIVM TDIRD TDIRU 


. . 7290125 
Fig. 4 Tuning control format. 
Frequency 


Frequency is set when bit |7 of the instruction byte is set to logic 1; the remainder of this byte 
together with the data/control byte are loaded into the frequency buffer. The frequency to which the 
tuner oscillator is regulated equals the decimal representation of the 15-bit word multiplied by 50 kHz. 
All frequency bits are set to logic 1 at reset. 


Tuning hold 


The TUHN bits are used to decrease the maximum tuning current and, as a consequence, the minimum 
charge IT (at Af = 50 kHz) into the tuning amplifier. 


Table 2 Tuning current control 


TUHN1 TUHNO typ. Imax typ. ITmin typ. AVTUNmin at CINT = 1 HF 
LA LA ps uV 
1* | 


0 3.5* 1* 

0 29 8 8 
1 110 30 30 
1 250 


* Values after reset. 


During tuning but before lock-in, the highest current value should be selected. 
After lock-in the current may be reduced to decrease the tuning voltage ripple. 


The lowest current value should not be used for tuning due to the input bias current of the tuning 
voltage amplifier (max. 5 nA). However it is good practice to program the lowest current value during 
tuner band switching. 


Tuning sensitivity 


To be able to program an optimum loop gain, the charge IT can be programmed by changing T using 
tuning sensitivity (TUS). Table 3 shows the minimum charge IT obtained by programming the TUS 
bits at Af = 50 kHz; TUHNO and TUHN1 = logic 1. 
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Table 3 Minimum charge IT as a function of TUS 
Af = 50 kHz; TUHNO = logic 1; TUHN1 = logic 1 


typ. ITmin typ. AVTUNmin at CINT = THF 
mA us mV 


0.25* 0.25 * 
0.5 0.5 


* Values after reset. 


Correction-in-band 


This control is used to correct the loop gain of the tuning system to reduce in-band variations due to a 
non-linear voltage/frequency characteristic of the tuner. Correction-in-band (COIB) controls the time T 
of the charge equation IT and takes into account the tuning voltage VTUjy to give charge multiplying 
factors as shown in Table 4. 


Table 4 Programming correction-in-band 


charge multiplying factors at typical values of VTUQ at: 
ana a <12V 12 to 18 V 18 to 24 V >24V 


1* 1 Si 4 fil *. 
1 1 1 
1 1 2 
1 2 4 


* Values after reset. 


The transconductance multiplying factor of the a.f.c. amplifier is similar when COIB is used, except for 
the lowest transconductance which is not affected. 


Tuning window 


Digital tuning is interrupted and FLOCK is set to logic 1 (in-lock) when the absolute deviation |Af| 
between the tuner oscillator frequency and the programmed frequency is smaller than the programmed 
TUW value (see Table 5). If |Af| is up to 50 KHz above the values listed in Table 5, it is possible for the 
system to be locked depending on the phase relationship between FDIV and the reference counter. 


Table 5 Tuning window programming 


[Af] (kHz) tuning window (kHz) 


QO* 
100 
300 
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OPERATION (continued) 
A.F.C. 


When AFCT is set to logic 1 it will not be cleared and the a.f.c. will remain on as long as |Af| is less than 
the value programmed for the a.f.c. hold range AFCR (see Table 6). It is possible for the a.f.c. to remain 
on for values of up to 50 kHz more than the programmed value depending on the phase relationship 
between FDIV and the reference counter. 


Table 6 A.F.C. hold range programming 


[Af| (kHz) a.f.c. hold range (kHz) 
O* 


0O* 
350 700 
750 1500 


* Values after reset. 


Transconductance 


The transconductance (g) of the a.f.c. amplifier is programmed via the a.f.c. sensitivity bits AFCS as 
shown in Table 7. 


Table 7 Transconductance programming 


* Value after reset. 


A.F.C. polarity 

If a positive differential input voltage is applied to the (switched on) a.f.c. amplifier, the tuning voltage 
VTUN falls when the a.f.c. polarity bit AFCP is at logic O (value after reset). At AFCP = logic 1, 
VTUN Fises. 

Minimum tuning voltage 

Both minimum tuning voltage control bits, VTMI1 and VTMIO, are at logic O after reset. Further details 
are given in CHARACTERISTICS. 

Frequency measuring window 


The frequency measuring window which is programmed must correspond with the division factor of the 
prescaler in use (see Table 8). 


Table 8 Frequency measuring window programming 


FDIVM prescaler division factor cycle period (ms) measuring window (ms) 


256 6.4* 5.12* 
64 2.56 1.28 


* Values after reset. 


Tuning direction 
Both tuning direction bits, TDIRU (up) and TDIRD (down), are at logic O after reset. 
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Control 


The instruction bytes POD (port output data) and DACX (digital-to-analogue converter control) are | 
shown in Fig. 5, together with the corresponding data/control bytes. Control is implemented as follows: 


P13, P12, P11, P10 Band select outputs. If a logic 1 is programmed on any of the POD bits D3 to 
Do, the relevant output goes HIGH. All outputs are LOW after reset. 
P23, P22, P21, P20 Open collector |/O ports. If a logic 0 is programmed on any of the POD bits 


D7 to Dg, the relevant output is forced LOW. All outputs are at logic 1 after 
reset (high impedance state). 

DACX Digital-to-analogue converters. The digital-to-analogue converter selected 
corresponds to the decimal equivalent of the DACX bits X1, X0. The 
output voltage of the selected DAC is set by programming the bits AX5 to 
AX0O; the lowest output voltage is programmed with all data AX5 to AX0O at 
logic O, or after reset has been activated. 


INSTRUCTION BYTE DATA/CONTROL BYTE 


POD 


DACX 


7290126 


Fig. 5 Control programming. 


Read 


Information is read from CITAC when the R/W bit is set to logic 1. An acknowledge must be generated 
by the master after each data byte to allow transmission to continue. If no acknowledge is generated by 
the master the slave (CITAC) stops transmitting. The format of the information bytes is shown in Fig. 6. 


MODULE ADDRESS TUNING / RESET INFORMATION PORT INFORMATION 


By Bg Bg By Bz By By Bg 


R/W a io MWN z from master 


7290130 


Lt LL 
FOV PI21 
FL/ON PI22 
FL/1N P1I23 
FLOCK P22/0N 
P22/1N 
P23/0N 

P23/1N 
from CITAC from master 


Fig. 6 Information byte format. 
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OPERATION (continued) 


Tuning/reset information bits 


FLOCK 


FL/1N 


FL/ON 


FOV 


RESN 


MWN 


Set to logic 1 when the tuning oscillator frequency is within the programmed tuning 
window. 


Set to logic 0 (active LOW) when FLOCK changes from 0 to 1 and is reset to logic 1 
automatically after tuning information has been read. 


As for FL/1N but is set to logic O when FLOCK changes from 1 to 0. 


Indicates frequency overflow. When the tuner oscillator frequency is too high with 
respect to the programmed frequency, FOV is at logic 1, and when too low, FOV 
is at logic 0. FOV is not valid when TDIRU and/or TDIRD are set to logic 1. 


Set to logic O (active LOW) by a programmed reset or a power-down-reset. It is reset 
to logic 1 automatically after tuning/reset information has been read. 


MWN (frequency measuring window, active LOW) is at logic 1 for a period of 
1.28 ms, during which time the results of frequency measurement are processed. 
This time is independent of the cycle period. During the remaining time, MWN is 
at logic O and the received frequency is measured. 


When slightly different frequencies are programmed repeatedly and a.f.c. is 
switched on, the received frequency can be measured using FOV and FLOCK. 
To prevent the frequency counter and frequency buffer being loaded at the same 
time, frequency should be programmed only during the period of MWN = logic 0. 


Port information bits 


P23/1N, P22/1N 


P23/0N, P22/0N 


PI23, PI22, Pl21, 
P1I20 


Reset 


Set to logic 0 (active LOW) at a LOW-to-HIGH transition in the input voltage on 
P23 and P22 respectively. Both are reset to logic 1 after the port information has 
been read. 

As for P23/1N and P22/1N but are set to logic 0 at a HIGH-to- LOW transition. 


Indicate input voltage levels at P23, P22, P21 and P20 respectively. A logic 1 
indicates a HIGH input level. 


The programming to reset all registers is shown in Fig. 7. Reset is activated only at data byte HEX 06. 
Acknowledge is generated at every byte, provided that CITAC is not in the power-down-reset mode. 
After the general call address byte, transmission of more than one data byte is not allowed. 


GENERAL CALL ADDRESS HEX06 


7290128 


Fig. 7 Reset programming. 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage ranges: 
(pin 13) 


(pin 19) 
(pin 14) 


Input/output voltage ranges: 
(pin 2) 


(pin 3) 

(pins 4 to 7) 

(pins 8 and 9) 

(pin 10) 

(pin 12) 

(pins 15 to 18) 

(pin 20) 

(pin 21) 

(pins 1 and 22 to 24) 
Total power dissipation 
Storage temperature range 


Operating ambient temperature range 
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VPI 
VP2 
VP3 


VSDA 
VSCL 
VP2x 
VAFC+, AFC— 
VTI 
VTUN 
VP1X 
VFDIV 
Vosc 
VDACX 
Prot 

T stg 
Tamb 


—0.3 
—0,3 
—0.3 


—0.3 
—0.3 


—0.3 


—0.3 
—0.3 
—0.3 
—0.3 
—0.3 
—0.3 
—0.3 


max. 
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to +18 V 
to +18 V 
to +36 V 


to +18 V 
to +18 V 
to +18 V 
to Vp4* V 
to Vp1* V 
to Vp3* V 
to Vp9** V 
to Vp1* V 
to +5 V 
to Vp3* V 
1000 mW 


—55 to +125 OC 
—20 to +70 2 
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CHARACTERISTICS 
Tamb = 25 °C; Vp1, Vp2, Vp3 at typical voltages, unless otherwise specified 


V 


Supply voltages 
Supply currents (no outputs loaded) 


Additional supply currents (A) 
(note 1) 
Total power dissipation 


Operating ambient temperature 


1?C bus inputs/outputs 


SDA input (pin 2); 
SCL input (pin 3) 


Input voltage HIGH (note 2) 

Input voltage LOW 

Input current HIGH (note 2) 

Input current LOW (note 2) 

SDA output (pin 2, open collector) 
Output voltage LOW at Io, =3 mA 
Maximum output sink current 


Open collector !/O ports 


P20, P21, P22, P23 
(pins 4 to 7, open collector) 


Input voltage HIGH 

Input voltage LOW 

Input current HIGH 

Input current LOW 

Output voltage LOW at Io, =2mA 
Maximum output sink current 
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A.F.C. amplifier 
Inputs AFC+, AFC— (pins 8, 9) 


Transconductance for input voltages 
up to 1 V differential: 


AFCS1 AFCS2 


800 
35 
70 
140 
Tolerance of transconductance 
multiplying factor (2, 4 or 8) 
when correction-in-band is used + 20 
Input offset voltage +75 
Common mode input voltage Vp1—2.5 
Common mode rejection ratio — 
Power supply (Vp7) rejection ratio — 
Input current 500 
Tuning voltage amplifier 
Input Tl, output TUN (pins 10, 12) 
Maximum output voltage at 
Minimum output voltage at 
load = +2.5 mA: 
VTMI1 VTMIO 
0 0 500 
1 0 650 
1 900 
Maximum output source current 8 
Maximum output sink current — 
Input bias current +5 


Power supply (Vp3) rejection ratio 
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CHARACTERISTICS (continued) 


parameter 


Tuning voltage amplifier (continued) 


Minimum charge IT to tuning voltage amplifier 


TUHN1 TUHNO 
0 0 
0 1 
1 0 
1 1 


Tolerance of charge (or AVTUN) 
multiplying factor when 
COIB and/or TUS are used 


Maximum current | into tuning amplifier 


TUHN1 TUHNO 
0 0 
0 1 
1 0 
1 1 


Correction-in-band 


Tolerance of correction-in-band 
levels 12 V, 18 V and 24 V 


Band-select output ports 
P10, P11, P12, P13 (pins 15 to 18) 


Output voltage HIGH at 
—lOQH = 50 mA (note 3) 


Output voltage LOW at lop = 2 mA 
Maximum output source current (note 3) 


Maximum output sink current 


FDIV input (pin 20) 


Input voltage (peak-to-peak value) 
(trise and tfgij < 40 ns) 


Duty cycle 


Maximum input frequency 


Input impedance 


Input capacitance 


8-99 September 1985 


Signetics Linear Products Product Specification 


FLL TV Tuning Circuit SAB3037 


— | gue Ton lon Toe) 


OSC input (pin 21) 
Crystal resistance at resonance (4 MHz) 


DAC outputs 0 to 3 
(pins 22 to 24 and pin 1) 


~ Maximum output voltage (no load) 


at Vp1 = 12 V (note 4) VDH 
Minimum output voltage (no load) 
at Vpq = 12 V (note 4) VDL 
Positive value of smallest step 
(1 least-significant bit) AVD 


Deviation from linearity — 
Output impedance at ljoggq = +2 MA Zo 
Maximum output source current —IDH 
Maximum output sink current 


Power-down-reset 


Maximum supply voltage Vpq at which 
power-down-reset is active Vpp 

V p71 rise-time during power-up 

(up to Vpp) 


Voltage level for valid module address 


Voltage level at P20 (pin 4) for valid module 
address as a function of MA1, MAO 


MAT MAO 
0 0 VvAoo 


0 1 
1 0 
1 1 


Notes to the characteristics 


1. For each band-select output which is programmed at logic. 1, sourcing a current |o}4p71 x, the addi- 
tional supply currents (A) shown must be added to Ip9 and Ip3 respectively. | 


2. If Vpy <1 V, the input current is limited to 10 uA at input voltages up to 16 V. 


3. At continuous operation the output current should not exceed 50 mA. When the output is short- 
circuited to ground for several seconds the device may be damaged. | 


4. Values are proportional to Vpj. 
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17C BUS TIMING (Fig. 8) 
12C bus load conditions are as follows: 


Product Specification 


SAB3037 


4 kQQ2 pull-up resistor to +5 V; 200 pF capacitor to GND. 
All values are referred to Vj =3 V and Vj; = 1.5 V. 


Bus free before start 

Start condition set-up time 
Start condition hold time 
SCL, SDA LOW period 
SCL HIGH period 

SCL, SDA rise time 

SCL, SDA fall time 

Data set-up time (write) 
Data hold time (write) 
Acknowledge (from CITAC) set-up time 
Acknowledge (from CITAC) hold time 
Stop condition set-up time 

Data set-up time (read) 

Data hold time (read) 

Acknowledge (from master) set-up time 
Acknowledge (from master) hold time 


Note 


parameter 


tR 

tF 
tSU,DAT 
tHD,DAT 
tSU,CAC 
tHD,CAC 
tsu,STO 
tSU,RDA 
tHD,RDA 


Timings tsy DAT and typ, DAT deviate from the |? C bus specification . 
After reset has been activated, transmission may only be started after a 50 us delay. 


SDA 


oe foes 


ae 


+ BUF > 


SCL 


tsu, RDA 


<_———»| <> 
tsu,STA  ‘tHD,STA 


= > eae 
(read) {N 
<P> 


| ————_—_—— > 
tsu, STO 
"A’ from 
master 
<_ > 


<< 


tsu, MAC tHD, MAC 7290131 


Fig. 8 1I?C bus timing SAB3037. 
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DESCRIPTION 
The TDA5030T is a monolithic IC for the VHF 
mixer/oscillator function in TV tuners. 


BLOCK DIAGRAM 


inF | 1nF | 


O O O © ) 
UHF IF 
AMPLIFIER 
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FEATURES 


Balanced mixer 

Amplitude controlled oscillator 

SAW filter preamplifier 

UHF IF preamplifier 

Buffered stage for drive of a prescaler 
with the oscillator signal 

Voltage stabilizer 

U-V switching circuit 


VHF 
INPUT 


LO 
OUTPUT 
SIGNAL 


U-V 
SWITCH 
INPUT 
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APPLICATIONS 
@ Mixer/oscillator 
e RF receiver 

e Tuners 

e CATV 


IF 


AMPLIFIER 


SAW 
FILTER 
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CMOS Frequency Synthesizer (LOPSY) 


DESCRIPTION 

The TDD1742T is an oxide-isolated 
CMOS (LOCMOS) circuit designed spe- 
cifically for Low Power Frequency Syn- 
thesizer applications, especially for VHF 
and UHF portables. 


Advance Information 


TDD1742T 


FEATURES PIN CONFIGURATION 


e Single chip with on-board sample 
and hold capacitor 


e Low power requirements 


e High performance phase 
comparator with low phase noise 
and spurious response 


e Auxiliary digital phase 
comparator for fast locking 


e On-board phase modulator 

e Simple interface to memory 
e Microprocessor controllable 
e Power-on reset circuitry 


APPLICATIONS 
e Frequency synthesizers 


e Radio/TV LO circuit 


SYMBOL 
Vops 
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TOP VIEW 
CD01350S 


FUNCTION 
Main power supply; +7 to 
+ 


10V 
High-gain phase comparator 
(analogue) 
Low-gain phase comparator 
(digital) 
Not connected 
Not connected 
Positive power supply 
RF input 
Power supply for TTL- 
compatible stages; +5V +10% 
Feedback to pre-scaler 
Out-of-lock indication 
Power-on-reset 
Reference oscillator/buffer 
output 
Reference oscillator/buffer input 
Main power supply; +7 to 
+10V 
Data bus inputs 
Data bus inputs 
Data bus inputs 
Data bus inputs 
Address bus 
Address bus 
Address bus 
Program enable 2 
Program enable 1 
Phase modulation input 
Memory enable 
Bias resistor Rg 
Bias resistor Rc 
Bias resistor Ra 
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CMOS Frequency Synthesizer (Lopsy) , TDD1742T 


REFERENCE DATA 


PARAMETER 
Operating supply voltages 
(referenced to Vss = OV, GND) 


Ipp1 (modulator off) 


BLOCK DIAGRAM 


+7.4V 
5.25MHz Vv 


rT" T 


TDD1742T CHANNEL 
SELECT 


MOD 
PC1 PC2 Ot TRA TRB TRC Veg 


3 *T7AV- }10 j28 | 26 
680K 68K 470 $ 470 
10K K K 
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The TDA2540 is an i.f. amplifier and demodulator circuit for colour and black and white television 
receivers using n-p-n tuners. 
It incorporates the following functions: 


— gain-controlled wide-band amplifier, providing complete i.f. gain 

— synchronous demodulator 

— white spot inverter 

— video preamplifier with noise protection 

— a.f.c. circuit which can be switched on/off by a d.c. level, e.g. during tuning 

— a.g.c. Circuit with noise gating 

— tuner a.g.c. output (n-p-n tuners) 

— VCR switch, which switches off the video output; e.g. for insertion of a VCR playback signal 


QUICK REFERENCE DATA 


Supply voltage V141-13 typ. 12 V 
Supply current l14 typ. 50 mA 
|.F. input voltage at f = 38.9 MHz (r.m.s. value) V1-16 (rms) typ. 100 uv 
Video output voltage (white at 10% of top sync) V 12(p-p) typ. 2.7 V 
1.F. voltage gain control range Gy typ. 64 dB 
Signal-to-noise ratio at V; = 10 mV S/N typ. 58 dB 
A.F.C. output voltage swing for Af = 100 kHz AV5.13 typ. 10 V 


PACKAGE OUTLINES 


TDA2540 : 16-lead DIL; plastic (SOT-38). 
TDA25400: 16-lead QIL; plastic (SOT-58). 
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901-8 


1 
+0 

1 
if. input 


1 


tuner a.g.c. 
output 


2 15 8 9 


3 . | 14 


tuner a.g.c. 


take-over 


A.G.C. DETECTOR / 
4] NOISE INVERTER 


, matey 
3 
REFERENCE 
AMPLIFIER 
1 
SYNCHRONOUS 
GAIN DEMODULATOR 
CONTROLLED 
6 1.F. AMPLIFIER 


AGE 2G. 
SYNCHRONOUS 
DEMODULATOR 


VIDEO 
PREAMPLIFIER 


WHITE SPOT 
INVERTER 


A.F.C. 
OUTPUT 
AMPLIFIER 


Fig. 1 Block diagram. 
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12 


a.f.c. Output 


a.f.c. switch 


video Output 


14V/ 41] OSPIA 
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GAIN 
CONTROLLED 
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tuner a.g.c. 


take-over 


A.F.C. 


OUTPUT 
AMPLIFIER 


A.F.C. 
SYNCHRONOUS 
DEMODULATOR 


REFERENCE 
AMPLIFIER 


VIDEO 
PREAMPLIFIER 


SYNCHRONOUS 
DEMODULATOR 


A.G.C. DETECTOR/ 
NOISE INVERTER 


WHITE SPOT 
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Fig. 1 Block diagram. 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage 

Tuner a.g.c. voltage 

Total power dissipation 
Storage temperatu re 

Operating ambient temperature 


CHARACTERISTICS (measured in Fig. 5) 


Supply voltage range 


The following characteristics are measured at Tamb = 25 °C; V14-13 = 12 V; f = 38.9 MHz 


|.F. input voltage for onset of a.g.c. (r.m.s. value) 


Differential input impedance 
Zero-signal output level 
Top sync output level 


|.F. voltage gain control range 
Bandwidth of video amplifier (3 dB) 
Signal-to-noise ratio at Vj = 10 mV 


Differential gain 


Differential phase 


Product Specification 
TDA2540 
V41-13 max. 13.2 V 
V4.13 max. 12 V 
Prot max. 900 mW 
Tstg —55 to+ 125 °C 
typ. 12 V 
V11-13 10.2 to 13.2 V 
typ. 100 ywV 
V 1-16(rms) < 150 pV 
2 kQ2 in parallel 
121-16 | me with 2 pF 
V 42-13 typ. 6+0.3 V* 
typ. 3.07 V 
V12-13 2.9 to 3.2 V 
Gy typ 64 dB 
B typ. 6 MHz 
S/N typ 58 dB** 
typ 4% 
ee < 10 % 
typ. 2° 
Y < 100 


* So-called ‘projected zero point’, e.g. with switched demodulator. 


V9 black-to-white 


“See, 
Viirms) at B = 5 MHz 
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CHARACTERISTICS (continued) 


: > 46 dB 
| dul 1.1 MHz: blue* 
ntermodulation at z: blue typ. 60 dB 
vellow* > 46 dB 
typ. 50 dB 
> 46 dB 
t 3.3 MHz** 
: 7 typ. 54 dB 
- 3.2dB 
-10dB 
- 13.2dB 
- 30dB spectrum for ~30dB spectrum for 
yellow blue 
SC. -<€¢. PC. S.C... GC. PC. 7266331.1 


S.C.: sound carrier level 
C.C.: chrominance carrier level with respect to top sync level 
P.C.: picture carrier level 


Fig. 2 Input conditions for intermodulation measurements; standard colour bar with 75% contrast. 


PC. 
GENERATOR 


38.9 MHz 


S.C. TEST SPECTRUM 
GENERATOR ATTENUATOR CIRCUIT ANALYZER 
33.4 MHz 
7Z76178 
C.C. aa +12 V 
GENERATOR = manual gain control; 
34.5 MHz adjusted for blue: V,5_43=4V 


Fig. 3 Test set-up for intermodulation. 


5G: Vo at 4.4 MHz ade oan Vo at 4.4 MHz 
og ———————— to. , a —_——_—______—_. . 
2 Vo at 1.1 MHz °9 V5 at 3.3 MHz 


8-109 September 1985 


Signetics Linear Products Product Specification 


Video I.F./ AFT TDA2540 
Sida isd typ. 4 mV 
Carrier signal at video output c 30 mV 
= ; : typ. 20 mV 
2nd harmonic of carrier at video output < 30 mV 
White spot inverter threshold level (Fig. 4) typ, 66V 
White spot insertion level (Fig. 4) typ. 4.7 V 
Noise inverter threshold level (Fig. 4) typ. 1.8 V 
Noise insertion level (Fig. 4) typ. 3.8 V 
External video switch (VCR) switches off 
the output at: V 14-13 < 1.1 V 
V 12-13 7276177.1 
(V) I 
7 | 
white spot inverter _ a6 it 
threshold level : 
zero—signal level, a 6 
white level (CCIR) 
\ 
white spot insertion 9 
—— 4,7 
level 
noise insertion level — 3.8 
| 
top sync level 3.07 3+} —— 
| 
Pe 
noise inverter 18 2 ! 
threshold level : V 
1 
0 
time 


Fig. 4 Video output waveform showing white spot and noise inverter threshold levels. 


Tuner a.g.c. output current range l4 10to0 mA 


Tuner a.g.c. output voltage at 14 = 10 mA V4.13 < 0.3 V 
Tuner a.g.c. output leakage current 

V14-13 =5V;V4.13=12V l4 < 15 pA 

; : z 10 V 

Maximum a.f.c. output voltage swing AV5.-13 cp. 1V 
Detuning for a.f.c. output voltage swing Af tvp. 100 kHz 

of 10 V < 200 kHz 
A.F.C. zero-signal output voltage V typ. 6 V 

(minimum gain) 5-13 4t0o8 V 
A.F.C. switches on at: V6-13 > 3.2 V 


A.F.C. switches off at: | V6-13 < 1.5 V 
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APPLICATION INFORMATION 


+12 V 
e@ 
a7K sina ; | : | ” 
= 3.3 l + 100 1.5 
: | nF | nF 
K 1K 
tuner a.g.c. 
39 
K 
10 nF 
a 1 3 5 7 
if. input 1.5 TDA2540 
nF 
4 15 (14 [13 [12 [11 
10 nF - 
1.5K 
2.7 aa 7 aac 
video 
output 


Fig. 5 Typical application circuit diagram; O of L1 and L2 ~ 80; f = 38,9 MHz. 
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7272940.1 
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jg SSAA Pea eee OR ee 
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Fig. 6 A.F.C. output voltage (V5.73) as a function of the frequency. 
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7271828 


Nae 
RUN eet eee esc 
ALT Tt tt 


0 20 40 V1.1g6(dB) 60 
(OdB=100 nV) 


Fig. 7 Signal-to-noise ratio as a function of the input voltage (V 4.76). 
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Video I.F./ AFT TDA2541 


The TDA2541 is an i.f. amplifier and demodulator circuit for colour and black and white television 
receivers using p-n-p tuners. 
It incorporates the following functions: 


— gain-controlled wide-band amplifier, providing complete i.f. gain 

— synchronous demodulator 

— white spot inverter 

— video preamplifier with noise protection 

— a.f.c. circuit which can be switched on/off by a d.c. level, e.g. during tuning 

— a.g.c. Circuit with noise gating 

— tuner a.g.c. output (p-n-p tuners) 

— VCR switch, which switches off the video output; e.g. for insertion of a VCR playback signal. 


QUICK REFERENCE DATA 


Supply voltage V11-13 typ. 12 V 


Supply current 3 144 typ. 50 mA 
|.F. input voltage at f = 38.9 MHz 

(r.m.s. value) | V 1-16(rms) typ. 100 pV 
Video output voltage (white at 10% of top sync) V 12(p-p) typ. 2./ V 
|.F. voltage gain control range Gy typ. 64 dB 
Signal-to-noise ratio at Vj = 10 mV S/N typ. 58 dB 
A.F.C. output voltage swing for Af = 100 kHz AV5.13 typ. 10 V 


PACKAGE OUTLINES 


TDA2541_ : 16-lead DIL; plastic (SOT-38). 
TDA25410: 16-lead OIL; plastic (SOT-58). 
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Video I.F./ AFT TDA2541 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage V41-13 max. 13.2 V 
Tuner a.g.c. voltage V4-13 max. 12 V 
Total power dissipation Prot max. 900 mW 
Storage temperature Tstg —55 to+ 125 °C 
Operating ambient temperature Tamb —25to +60 °C 


CHARACTERISTICS (measured in Fig. 5) 


typ. 12 V 
10.2 to 13.2 V 


The following characteristics are measured at Tamph = 25 °C; V44.13 = 12 V; f = 38.9 MHz 


Supply voltage range V41-13 


|.F. input voltage for onset of a.g.c. (r.m.s. value) V1-16(rms) pe : a a 
Differential input impedance |Z1-16 | typ. oe 
Zero-signal output level V 42-13 typ. 6+0.3 V* 
Top sync output level V12-13 soar 9 ee ¥ 
|.F. voltage gain control range Gy typ. 64 dB 
Bandwidth of video amplifier (3 dB) B typ. 6 MHz 
Signal-to-noise ratio at V; = 10 mV S/N typ. 58 dB** 

; : typ. 4% 
Differential gain | dG < 10 % 

| typ. 2° 

Differential phase dy o 100 


* So-called ‘projected zero point’, e.g. with switched demodulator. 
sie Vo black-to-white — 
SN = Fe 
Vin(rms) at B = 5 MHz 
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Video I.F./ AFT 


CHARACTERISTICS (continued) 


intermodulation at 1.1 MHz: blue* 


yellow* 


at 3.3 MHz** 


-10dB 


-30dB spectrum for ~30dB 
yellow 


S.C. CC. PC. SC. CC. 


S.C. : sound carrier level 


C.C. :chrominance carrier level with respect to top sync level 


P.C. : picture carrier level 


- 3.2dB 


PC. 


Product Specification 


TDA2541 


46 dB 
60 dB 


46 dB 
50 dB 


46 dB 
54 dB 


spectrum for 
blue 


7Z66331.1 


Fig. 2 Input conditions for intermodulation measurements; standard colour bar with 75% contrast. 


P.C. 
GENERATOR 


38.9 MHz 


S.C. 
PECTRUM 
GENERATOR ATTENUATOR he eee 
33.4 MHz 
7276178 

CC. +12 V 

GENERATOR == manual gain control; 
34.5 MHz adjusted for blue: V,5_43=4 V 


Fig. 3 Test set-up for intermodulation. 


nT Vo at 4.4 MHz ee oni Vo at 4.4 MHz 

og — + 88.7 . Soe We a ee 
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Video I.F./ AFT 7 TDA2541 


Sade : typ 4 mV 
Carrier signal at video output c 30 mV 
ae typ 20 mV 
h 
, 2nd harmonic of carrier at video output c 30 mV 
White spot inverter threshold level (Fig. 4) typ. 6.6 V 
_ White spot insertion level (Fig. 4) typ. 47V 
Noise inverter threshold level (Fig. 4) typ. 1.8 V 
Noise insertion level (Fig. 4) | typ. 3.8 V 
_ External video switch (VCR) switches off 
the output at: V14-13 < 1.1 V 
V 49--13 | 7276177.1 
(V) A 
7 h 
white spot inverter _ 6.6 i! 
threshold level \ 
zero—signal level, ie 6 : 
white level (CCIR) : ! 
white spot insertion 5 9 
level 
noise insertion level — 3.8 4 
| 
top sync level 3.07 3 +}——_ 
noise: inverter 2 
threshold level 18 \ 
\ 
1 
0 
time 


Fig. 4 Video output waveform showing white spot and noise inverter threshold levels. 


Tuner a.g.c. output current range l4 Oto10 mA 
Tuner a.g.c. output voltage at 14 = 10 mA V4-13 < 0.3 V 
Tuner a.g.c. output leakage current 
V14-13 =11V;V4.43=12V l4 < 15 wA 
Maximum a.f.c. output voltage swing AV5.13 a Laie 
typ. 11 V 
: typ. 100 kHz 
Detuning for a.f.c. output voltage swing of 10 V Af < 200 kHz 
A.F.C. zero-signal output voltage Vv typ. 6 V 
(minimum gain) 5-13 4to8 V 
A.F.C. switches on at: V6-13 > 3.2 V 
A.F.C. switches off at: V6-13 < 1.5 V 
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Fig. 5 Typical application circuit diagram; Q of L1 and L2 ~ 80; fy = 38.9 MHz. 
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Video I.F./ AFT TDA2541 
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Fig. 6 A.F.C. output voltage (V5.13) as a function of the frequency. 
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Video I.F./ AFT TDA2541 


7271828 


S/N 
(dB) TT, 


50 


30 


V1-16 (dB) 60 
(OdB=100 uV) 


Fig. 7 Signal-to-noise ratio as a function of the input voltage (V 4.46). 
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Small Signal Combination IC for Color TV TDA4501 


GENERAL DESCRIPTION 


The integration into a single package of all small-signal functions required for colour tv reception is 
achieved in the TDA4501. The only additional circuits needed to complete the receiver are a tuner, 
the deflection output stages and a colour decoder. 

The IC includes a vision IF amplifier with synchronous demodulator and AFC circuit; an AGC detector 
with tuner output; an integral three-level sandcastle pulse generator; and fully synchronized vertical 
and horizontal drive outputs. A triggered vertical divider automatically adapts to 50 or 60 Hz working 
and eliminates the need for an external vertical frequency control. 

Signal-strength dependent time-constant switches in the horizontal phase detector make external VCR 
switching unnecessary. | | 

Sound signals are demodulated and amplified within the IC in a circuit which includes volume control 
and muting. | 


Features 


Vision IF amplifier with synchronous demodulator 

AGC detector for negative modulation 

AGC output to tuner 

AFC circuit 

Video and audio preamplifiers 

Sound IF amplifier and demodulator 

Choice of sound volume control or horizontal oscillator starting function 
Horizontal synchronization circuit with two control loops | 
Triggered divider system for vertical synchronization and sawtooth generation giving automatic 
amplitude adjustment for 50 or 60 Hz working 

Transmitter identification circuit with mute output 

Sandcastle pulse generator 


QUICK REFERENCE DATA 


Supply voltage | V7-6 typ. 10,5 V 
Supply voltage | V1i1-6 typ. 10,5 V 
Operating ambient temperature range Tamb —25to +65 9C 
Storage temperature T stg —25 to + 150 °C 
Power dissipation Ptot max. 1,7 W 


PACKAGE OUTLINE 
28-lead DIL; plastic (with internal heat spreader) (SOT-117). 
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Fig. 1 Block diagram. 
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Small Signal Combination IC for Color TV — TDA4501 
PINNING 

1. AGC take over | 15. Sound IF input 

2. Ramp generator 16. Ground 

3. Vertical drive 17. Video output 

4. Vertical feedback 18. AFC 

5. Tuner AGC 19. AGC detection 

6. Ground 20. Sync demodulator 

7. Supply 21. Sync demodulator 

8. IF input 22, Coincidence detector decoupling 
9. IF input 23. Horizontal oscillator 

10. Decoupling capacitor | 24. Frequency control 

11. Volume control/start Hor. osc. 25. Sync separator 

12. Audio output 26. Horizontal drive 

13. Sound demodulator 27. Sandcastle out/flyback in 

14. Sound IF decoupling 28. Phase detection 


FUNCTIONAL DESCRIPTION 
IF amplifier, demodulator and AFC 


The IF amplifier has a symmetrical input (pins 8 and 9), the input impedance of which is suitable for 
SAW-filtering to be used. The synchronous demodulator and the AFC circuit share an external 
reference tuned circuit (pins 20 and 21). An internal RC-network provides the necessary phase-shifting 
for AFC operation. The AFC circuit provides a contro! voltage output with a swing greater than9 V — 
from pin 18. 


AGC circuit 


Gating of the AGC detector is performed to reduce sensitivity of the IF amplifier to external electrical 
noise. The AGC time constant is provided by an RC-circuit connected to pin 19. Tuner AGC voltage 
is supplied from pin 5 and is suitable for tuners with p-n-p or n-p-n RF stages. The sense of the AGC 
(to increase in a positive or negative direction) and the point of tuner take-over are preset by the 
voltage level at pin 1. 


Video amplifier 


The signal through the video amplifier comprises video and sound information, therefore no gating of 
the video amplifier is poacnnes during flyback periods. 


Sound circuit and horizontal oscillator starting function 


The input to the sound IF amplifier is obtained by a bandpass filter coupling from the video output 
(pin 17). The sound is demodulated and passed via a dual-function volume control stage to the audio 
output amplifier. The volume control function is obtained by connecting a variable resistor (10 k&2) 
between pin 11 and ground, or by supplying pin 11 with a variable voltage. Sound output is 
suppressed by an internal mute signal when no input signal is present. 


The horizontal oscillator starting function is obtained by supplying pin 11 with a current of 6 mA 
during the switching-on period. The IC then uses this current to generate drive pulses for the horizontal 
deflection. For this application, the main supply voltage for the IC can be obtained from the horizontal 
deflection circuit. | 
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small Signal Combination IC for Color TV TDA4501 


FUNCTIONAL DESCRIPTION (continued) 
Vertical divider system 


A triggered divider system is used to synchronize the vertical drive waveforms, adjusting automatically 
to 50 or 60 Hz working. A large window (search window) is opened between counts of 488 and 722; 
when a separated vertical sync pulse occurs before count 576, the system works in the 60 Hz mode, 
otherwise 50 Hz working is chosen. 

A narrow window is opened when 15 approved sync pulses have been detected. Divider ratio between 
522 and 528 switches to 60 Hz mode; between 622 and 628 switches to 50 Hz mode. 

The vertical blanking pulse is also generated via the divider system by adding the anti-topflutter pulse 
and the blanking pulse. 


Line phase detector 


The circuit has three operating conditions: 

a. Strong input signal and synchronized. 

b. Weak signal and synchronized. 

c. Non synchronized (weak and strong) signal. 

The input signal condition is obtained from the AGC circuit. 


D.C. volume control/horizontal oscillator start 


The operation depends on the application. When during switch-on no current is supplied pin 11 will 
act as volume control. When a current of 6 mA is applied the volume control is set to maximum and 
the circuit will generate drive pulses for the horizontal deflection. 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 7) Vp=V7.6 max. 13,2 V 
Total power dissipation Prot max. 1,7 W 
Operating ambient temperature range Tamb —25to +65 °C 
Storage temperature range Tstg —25 to+ 150 °C 
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small Signal Combination IC for Color TV TDA4501 


CHARACTERISTICS 
Vp = V7.6 = 10,5 V; Tamb = 25 OC; unless otherwise specified 


Supplies 

Supply voltage (pin 7) 
‘Supply current (pin 7) 
Supply voltage (pin 11) 


Supply current (pin 11) for horizontal 
oscillator start 


Vision IF amplifier (pins 8 and 9) 
Input sensitivity at 38,9 MHz (note 1) 
Input sensitivity at 45,75 MHz (note 1) 


Differential input resistance 
(pin 8 to 9) 


Differential input capacitance 
(pin 8 to 9) 


AGC range 
Maximum input signal 


Cg.9 = 


V8.9 50 
Expansion of output signal for 50 dB 


variation of input signal with 
Vg.g at 150 nV (0 dB) 


AVI7-6 | ~ 


| Video amplifier 


Output level for zero signal input 
(zero point of switched demodulator) 


Output signal top sync level (note 2) 


V17-6 = 
V17-6 = 


| Amplitude of video output signal 
(peak-to-peak value) 


V17-6(p-p) | — 


Internal bias current of output transistor 
(n-p-n emitter follower) 


Bandwidth of demodulated output signal 
Differential gain (Fig. 4) 
Differential phase (Fig. 4) 


Video non-linearity complete video 
signal amplitude 


147(int) 1,4 
B aaa 


G17 = 


intermodulation (Fig. 5) 
at gain control = 45 dB 
f = 1,1 MHz; blue; 

f= 1,1 MHz; yellow; 

f = 3,3 MHz; blue; 

f = 3,3 MHz; yellow 
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Small Signal Combination IC for Color TV TDA4504 


CHARACTERISTICS (continued) 


parameter 


Video amplifier (continued) 


Signal to noise ratio (note 3) 
Zo =7522 
V; = 10 mV 
end of gain control range 


Residual carrier signal 


Residual 2nd harmonic of carrier signal 


Tuner AGC * 
Take-over voltage (pin 1 for positive-going 


tuner AGC (NPN tuner) V1-6 
Starting point take over; V=5 V V1-6(rms) 
Starting point take over; V=1,2 V V4-6(rms) 


Take-over voltage (pin 1) for negative-going 


tuner AGC (PNP tuner) V1-6 
Starting point take over; V =9,5 V V 4-6(rms) 
Starting point take over; V =5,6 V V1-6(rms) 
Maximum output swing I5 max 


Output saturation voltage 


l=2mA V5-6(sat) 
Leakage current I5 
Input signal variation complete tuner control | AV; 


AFC circuit (pin 18; note 4) 
AFC output voltage swing 


V18-6(p-p) 
Available output current +118 
Control steepness 

— 100% picture carrier 


— 10% picture carrier 


Output voltage at nom. tuning of the 
reference tuned circuit 


Output voltage without input signal 


* Starting point tuner take-over NPN current 1,8 mA; PNP tuner | = 0,2 mA. 
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small Signal Combination IC for Color TV TDA4501 


Sound circuit 


Input limiting voltage 

Vo = Vo max. —3 dB; Q; = 16 

far = 1 kHz; f. = 5,5 MHz V4i5lim 
Input resistance 

Vi(rms) = 1 mV R15-6 
Input capacitance 

Vi(rms) = 1 mV C15-6 
AM rejection (Figs 8 and 9) 

V; = 10 mV AMR 

V; = 50 mV AMR 


AF output signal 
Af = 7,5 kHz; min. distortion V12-6(rms) 


AF output impedance 219.6 


Total harmonic distortion 
Af = 27,5 kHz THD 


Ripple rejection 
fk = 100 Hz, volume control 20 dB RR 
when muted RR 


Output voltage 
mute condition 


Signal to noise ratio 
weighted noise (CCIR 468) 


Volume control 

Voltage (pin 11 disconnected) 
Current (pin 11 short circuited) 
External control resistor 


Suppression output signal during 
mute condition 


Horizontal synchronization 
Slicing level sync separator 
Holding range PLL 
Catching range PLL 


Control sensitivity 
video to oscillator; at weak signal 
at strong signal during scan 
during vert. retrace and during catching 
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CHARACTERISTICS (continued) 


Product Specification 


TDA4501 


foram *iambotin Pm Yme [o 


Second control loop (positive edge) 
Control sensitivity 
Control range 


Phase adjustment 
via second control loop; 
control sensitivity 

Maximum allowed phase shift 


Horizontal oscillator (pin 23) 


Free running frequency 
R =35kQ;C =2,7 nF 


Spread with fixed external components 


Frequency variation due to change of 
supply voltage from 8 to 12 V 


Frequency variation with temperature 
Maximum frequency shift 
Maximum frequency deviation (V7.g =8 V) 


Horizontal output (pin 26) 
Output voltage high 


Output voltage at which protection 
commences 


Output voltage low at l9g = 10 mA 
Duty cycle of horizontal output signal 
Rise and fall times of output pulse 


Flyback input and sandcastle output 


Input current required during flyback pulse 0,1 
7,5 
3,5 
1,8 


3,1 


Output voltage during burst key pulse 
Output voltage during horizontal blanking 
Output voltage during vertical blanking 
Width of burst key pulse 

Width of horizontal blanking pulse 


Width of vertical blanking pulse 
50 Hz working 
60 Hz working 


Delay between start of sync pulse at video 
output and rising edge of burst key pulse 
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4,0 
2,2 
3,5 


21 
17 


5,2 


2 
4,5 
2,6 
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flyback pulse width 
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small Signal Combination IC for Color TV TDA4501 


Sn 


Coincidence detector mute output (pin 22) 


Voltage for in-sync condition V92-6 


Voltage for no-sync condition no signal V92-6 


Switching level to switch phase detector 
from slow to fast 


V22-6 
Fast-to-slow hysteresis 


Switching level to activate mute function 
(transmitter identification) 


V22-6 


Output current for in-sync condition 
(peak-to-peak value) 


122(p-p) 


Vertical ramp generator (pin 2) 


Input current during scan I 
Discharge current during retrace ey) 
Minimum voltage V2-6 


Vertical output (pin 3) 


Output current I3 


Output impedance R3.6 


Feedback input (pin 4) 


Input voltage 
d.c. component 
a.c. component (peak-to-peak value) 


Input current 


Internal precorrection to sawtooth 
Deviation amplitude 50/60 Hz 


Notes 


1. Typical value taken at starting level of AGC. 
2. Signal with negative going sync, maximum white level 10% of the maximum sync amplitude 
(see Fig. 3). 
Vo(black to white) 
Vin(rms) at B = 5 MHz 
4. Vi(rms) = 10 mV; see Fig. 2; Q-factor = 36. 


3. Signal-to-noise ratio equals 20 log 
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Fig. 2 Application diagram. 
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1,00V 
o75v} 0,95V 
0,30V 
7280473 
Fig. 3 Video output signal. 
7280472 
1,00V 
0,86 V 
0,72V 
0,58V 
0,44V 
0,30V 
10 12 22 26 32 36 40 44 48 52 56 60 64 us 
Fig. 4 E.B.U. test signal waveform (line 330). 
-3,2dB 
~10dB 
—13,2dB 
~30dB 
sc CC PC SC CC PC 


BLUE | YELLOW 7280471 


SC = sound carrier 

CC =chrominance carrier 

PC = picture carrier 

all with respect to top sync level. 


Fig. 5 Input signal conditions. 
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Small Signal Combination IC for Color TV TDA4501 


PC 
38,9 MHz 
CC 
34,5 MHz 


Vo at 4,4 MHz 

Value at 1,1 MHz: 20 log ———__—— + 3,6 dB 
Vo at 1,1 MHz 
Vo at 4,4 MHz 


Vo at 3,3 MHz 


ATTENUATOR 


SC 
33,4 MHz 


TEST SPECTRUM 
CIRCUIT ANALYZER 
+ 


gain setting adjusted 
for blue; Vig =2,5V 


7 7280470 


Value at 3,3 MHz: 20 log 


Fig. 6 Test set-up intermodulation. 
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Fig. 7 S/N ratio as a function of the input voltage. 
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AF AF 
GENERATOR GENERATOR 
f= 70 Hz f= 1000 Hz 


FM AM 
f=5,5 MHz MODULATOR ATTENUATOR TDA4501 
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7280469 


VOLTMETER 


Fig. 8 Test set-up AM suppression. 
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Fig. 9 AM rejection. | Fig. 10 Volume control characteristics. 
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Complete Video I.F. IC with Vertical and Horizontal Syne 


DESCRIPTION 

The TDA4502 is a monolithic integrated 
small signal combination for television 
receivers. 


FEATURES 

e Vision IF-amplifier with 
synchronous demodulator. 

e A.G.C. detector suited for 
negative modulation. 

e Tuner A.G.C. 

© A.F.C. circuit with on/off switch. 

e Video pre-amplifier. 

@ Video-switch to select the 
internal video signal or an 
external video signal. 

© Horizontal synchronization circuit 
with two control loops. 

e Vertical synchronization (divider 
system) and sawtooth generation 
with automatic amplitude 
adjustment for 50 and 60Hz. 

e Transmitter identification (mute) 

e Sandcastie pulse generation. 

e The vision IF-amplifier and 
synchronization circuit is identical 
to that of the TDA4501. The 
differences of TDA4502 
compared to the TDA4501 are 
the following: 
~ The TDA4502 has no sound 

circuit but contains instead a 
video switching circuit. 


Advance Information 


TDA4502 


APPLICATIONS 
e Color TV receivers 
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Complete Video I.F. IC with Vertical and Horizontal Sync TDA4502 


APPLICATIONS DIAGRAM 
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Small Signal Combination for Monochrome TV TDA4503 


GENERAL DESCRIPTION 


The TDA4503 combines all small signal functions (except the tuner) which are required for a mono- 
chrome television receiver. 


For a complete monochrome television receiver only output stages are required to be added for 
horizontal and vertical deflection, video and sound. The TDA4503 can also be used in simple colour 
television receivers. In this application an external sandcastle pulse generator is required. 


It incorporates the following functions: 


— vertical sync separator/oscillator 
— vertical output 

— coincidence detector (sound mute) 
— phase detector/frequency control 
— a.g.c. detector 

— sync separator 

— horizontal oscillator 

— synchronous demodulator 

— vision t.f. amplifier 

— tuner a.g.c. 

— d.c. volume control 

— a.f.c. detector 

— video output 

— sound demodulator 

— audio output 

— gate pulse generator 

— sound limiter/feedback 

— 90° phase shift 

— overload detector 

— horizontal output 


QUICK REFERENCE DATA 
Supply voltage V7~10, V22—10 typ. 10.5 V 


Supply current I7 typ. 75 mA 
Supply current loo typ. 4.5 mA 
Operating ambient temperature range Tamb —25 to +65 oC 

Storage temperature range T stg —25 to +150 oC 

Power dissipation Prot max. 1.7 W 


PACKAGE OUTLINE 
28-lead DIL; plastic, with internal heat spreader (SOT-117). 
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28 
urea VERTICAL COINCIDENCE 
FEEDBACK OSCILLATOR DETECTOR 
, | 27 
GATE PULSE Mae. 
GENERATOR SEPARATOR 
e 
PHASE | 
DETECTOR/ 
FREQUENCY 25 
G.C. CONTROL 
24 
a ee | 
| SYNC 
I.F. AMPLIFIER/ HORIZONTAL 
FEEDBACK LOW PASS OSCILLATOR 23 
FILTER 
18 
22 
horizontal 
supply 
OVERLOAD voltage 21 
CONTROL DETECTOR DEMODULATOR| | __ [20 
| A.F.C. 
AUDIO 90° 
DETECTOR 
OUTPUT AND OUTPUT PHASE SHIFT 
16 
ND 
eae SOUND VIDEO 17 
See nnNee DEMODULATOR OUTPUT ie 
15. 
TDA 4503 ere 


Fig. 1 Block diagram. 
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Small Signal Combination for Monochrome TV 


PINNING 
Pin number 


function 


vertical oscillator 
vertical output 
vertical feedback 
top linearity 
flyback pulse 
tuner a.g.c. 
+10.5 V supply 


i.f. input 


ground 

volume control 
sound output 

6 MHz tuning 
(5.5 MHz tuning) 
decoupling 


Pin number 


15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
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28. 


Product Specification 
TDA4503 
function 
sound i.f. 
a.f.c. output 


video output 
decoupling capacitor 
ground 

38,5 MHz reference 
(38,9 MHz reference) 
horizontal supply voltage 
horizontal oscillator 
top sync detector 
phase detector 

sync separator 
horizontal output 


mute/coincidence 
detector 
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Small Signal Combination for Monochrome TV TDA4503 


FUNCTIONAL DESCRIPTION (Fig. 1) 


A complete black-and-white receiver can be built around this circuit by adding only the output stages 
for horizontal and vertical deflection with the video and sound output stages. The TDA4503 can also 
be used in simple colour television receivers using an external circuit to generate the sandcastle. 


The block diagram (Fig. 1) depicts the various functions which are described briefly below. 


The sensitivity of the i.f. amplifier is 70 uV for a peak-to-peak output voltage of 3 V (compare the 
TDA3541). This amplifier has a symmetrical input (pins 8 and 9) and is followed by a synchronous 
demodulator. The external tuned circuit is connected to pins 20 and 21. This circuit provides the 
information for the a.f.c. circuit, the 90° phase shift being supplied by internal RC-networks. An 
a.f.c. output with a voltage swing of about 9 V is obtained from pin 17 (V7_19 = 10.5 V). 


The a.g.c. detector is gated to reduce sensitivity to external electrical noise and the a.g.c. time constant 
network is connected to pin 24. Gain control range of the i.f. amplifier is greater than 60 dB. Adjust- 
ments of the tuner take-over point is made at pin 4. When the voltage at pin 4 is approximately 3.5 V 
the direction of the tuner control voltage is positive-going. When the voltage at pin 4 is approximately 
8 V the direction of the tuner control voltage is negative-going. 


An output signal of 3 V (p-p) is obtained from the video amplifier (top sync level 1.5 V) with negative- 
going sync. Since the sound signal is derived from pin 16 (see Fig. 4) the video output is not blanked 
during the flyback period. As shown in the application circuit (Fig. 4) the band-pass filter for the 
sound must be connected between video output (pin 16) and sound i.f. input (pin 15). Sound infor- 
mation passes through a sound limiter network and a sound demodulator circuit with an external 
tuned circuit for this stage connected to pin 13. The demodulator is followed by a volume control 
stage with a control range of 80 dB and an output amplifier with an audio output signal of 170 mV 
(r.m.s.) for a Af of 7.5 kHz and at maximum volume setting. 


The slicing level of the sync separator is referred to the top sync and is determined by the values of 
external resistors, the recommended slicing level being 30%. Noise protection is provided for the 
sync separator stage. Separated sync pulses are supplied to the gated phase detector which compare 
the sync pulses with the sawtooth voltage obtained from the horizontal flyback pulse (pin 5). During 
catching the gating of the phase detector is switched off and the phase detector output current is 
increased. 


The in-sync or out-of-sync condition is detected with the coincidence detector which is also used 

for transmitter identification. Sound output is suppressed when no input signal is available. Clamping 
the voltage on pin 28 to a level of 3.5 V sets the phase detector to a high output current, short time 
constant mode. This is appropriate for the reception of VCR signals. 


Phase detector output voltage levels maintain the horizontal oscillator at its correct operating 
frequency. The push-pull output (pin 27) has a typical duty cycle of 40%. 


Vertical sync pulses are obtained from an internal integrating network with the vertical sawtooth being 
generated in the vertical oscillator. This sawtooth voltage is compared with the feedback voltage from 
the deflection coil via pin 3. The comparator generates the drive voltage for the vertical deflection 
output stage. 


The TDA4503 has four supply pins. Pin 7 and pin 10 are for the main positive supply and circuit 
grou nd respectively. 


Critical circuits are grounded by pin 19. Pin 22 is the supply for the horizontal oscillator. A low 
current supply (5 mA minimum) can be used to start the oscillator from an external high voltage 
supply rail. 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC134) 

Supply voltage V7~—10, V22—10 max. 13.2 V 
Total power dissipation Prot max. 1.7 W 
Storage temperature range Tstg —25 to +150 °C 
Operating ambient temperature range Tamb —25 to +65 oC 


CHARACTERISTICS 
V7~10 = 10.5 V, V29_19 = 10.5 V and Tampb = 25 OC unless otherwise specified 


parameter 


Supply voltage 
Supply current 


Supply voltage (horizontal 
oscillator) 


Supply current (horizontal 
oscillator, note 1) 


Power dissipation 


Vision i.f. amplifier (pin 8) 


Input sensitivity (onset of a.g.c.) 
at 39.5 MHz (note 2) 


Differential input resistance 
(note 3) 


Differential input capacitance 
(note 3) 


Gain control range 


Output signal expansion for 50 dB 
input signal variation (note 4) AVo 


Maximum input signal Vi max 


Video amplifier (note 5) 


Zero signal output level 
(note 6) V16—10 


Top sync output level 
(note 7) V16—10 


Video output signal amplitude 
(peak-to-peak value) V16—10(p-p) 


Internal bias current of n-p-n 
emitter follower output transistor IB 


Bandwidth of demodulated 
output signal B 


Video non-linearity (note 8) 
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CHARACTERISTICS (continued) 


Tuner a.g.c. 
Take-over voltage (pin 4) for 
 positive-going tuner a.g.c. 
(n-p-n tuner) V4—10 
Take-over voltage (pin 4) for 
negative-going tuner a.g.c. 
(p-n-p tuner) VA~10 
Maximum tuner a.g.c. output 
swing IG max 
Output saturation voltage at 
Ig6=2mA V6—10(sat) 
Leakage current 


A.F.C. circuit (note 9) 
A.F.C. output voltage swing 
Available output current 


Output voltage at nominal 
tuning of the reference tuned 
circuit 

Sound circuit 

Input limiting voltage when 
Vo = VOmax — 3 dB 
(note 10) 

Input resistance at pin 15 
(note 11) 

A.F. output signal at pin 12 
(note 12) (r.m.s. value) V12—10(rms) 


Volume control (pin 11) (Fig. 3) 
Voltage with pin 11 
disconnected V11—10 


Current pin 11 short-circuited 
to ground 


Volume control characteristic 
(note 13) See Fig. 3 
Value of external control resistor 5 
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Horizontal synchronization 
circuit 

Slicing level sync separator 
(note 14) 

Holding range PLL 

Catching range PLL 

Control sensitivity video to 
flyback (note 15) 

Horizontal oscillator 

Free running frequency 


Spread with fixed external 
components 


Frequency variations due to 
supply voltage changes 
(note 16) 


Frequency variation with 
temperature 


Maximum frequency shift 
Maximum frequency deviation 
between starting point output 
and nominal condition 
Horizontal (push-pull) output 
Output current 


Output impedance 


Voltage when 197 =10mA 


Duty cycle of output pulse 
(note 17) 
Flyback input (note 18) 


Minimum required input 
amplitude (peak-to-peak value) 


Phase detector switching voltage 
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Small Signal Combination for Monochrome TV — 7 TDA4503 


CHARACTERISTICS (continued) 


Coincidence detector (mute) 
(note 19) 


Voltage in synchronized condition 


Voltage in non-synchronized 
condition (no-signal) 


Switching level to switch phase 
detector from slow to fast 


Switching level to activate the 
‘mute’ function (transmitter 
identification) 


Output current; in-sync 
(peak-to-peak value) 

Vertical oscillator 

Free running frequency 


Spread with fixed external 
components 


Holding range at nominal frequency 
Temperature coefficient TC 
Frequency shift due to a supply 

voltage change from 9.5 to 12 V Afosc/AV 
Vertical output (pin 2) 
Output current Py) 


Output resistance | R2_10 


_ | Feedback input (pin 3) 
D.C. input voltage V3_10 


A.C. input voltage 
(peak-to-peak value) V3—10(p-p) 


Input current I3 


Non-linearity of deflection current 
at Vp = 10.5 V 
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Notes to characteristics 


1. It is possible to start the horizontal oscillator by supplying a current of 5 mA which can be taken 
from the mains rectifier, to pin 22. The main supply (pin 7) can then be derived from the 
horizontal output stage. 


2. |.F. input voltage (r.m.s.) — value at top sync level at which the video amplitude has dropped 0.5 
dB compared with the amplitude at an input signal of 10 mV. 


3. The input impedance has been chosen such that a SAW-filter can be applied. 800 Q is an 
acceptable compromise between the requirements for triple transient suppression and power loss. 


4. Measured with 0 dB = 150 uV. 

5. Measured at 10 mV(r.m.s.) top sync input signal. 

6. With switched demodulator. 

7. Signal with negative-going sync with top white being 10% of the top sync amplitude (Fig. 2). 
8. This figure is valid for the complete video signal amplitude (peak-white to top sync). 

9 


Measured with an input signal (Vg_.9) of 10 mV(r.m.s.); the a.f.c. output (pin 7) loaded with 2 x 
100 kQ between the supply and ground. The QO factor of the reference tuned circuit is 50. 


10. Voltage at pin 15 is the r.m.s. value. Qy of the demodulator tuned circuit is 20. Audio 
frequency is 1 kHz and the carrier frequency is 5.5 MHz. 

11. Measured with an input signal of 1 mV(r.m.s.) 

12. The tuned demodulator circuit must give an output level equal to that given in the ‘“mute” 
condition. 


13. Volume can be controlled using a variable resistor connected to ground (nominal 5 k&2) or by 
means of a variable d.c. voltage. In this latter case the rather low impedance at pin 11 must be 
taken into account. 


Fig. 2 Video output signal. 
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Notes to characteristics (continued) 


14. The sync separator is noise gated. The slicing level is referred to top sync level and is 
independent of the video information. The value given is a percentage of the sync pulse 
amplitude. The slicing depends on the values of external resistors connected to pin 26. 


15. Phase detector current increases by a factor of 7 during “catching” and when phase detector 
operates in the ‘FAST’ mode (pin 28). This ensures a high catching range and a higher dynamic 
loop gain. 

16. Supply voltage variation in the range 8 to 12 V. 

17. The negative-going edge of this pulse initiates the switch-off of the horizontal output transistor 
(simultaneous driver). : 

18. The circuit requires an integrated flyback pulse. The gate pulses for a.g.c. and the coincidence 
detector are obtained from the sawtooth. 

19. The functions of in-sync/out-of-sync and transmitter identification have been combined on pin 
28. For reception of VCR-signals the voltage on this pin must be fixed between 3 V and 4.5 V so 
that the time constant is fast and the sound is still available. 
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4 5 
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Fig. 3 Volume control characteristic 
at f= 1 kHz. 
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APPLICATION INFORMATION 
horizontal 
supply video 
horizontal voltage output 
— oscillator — 
a.f.c. 
= 10 pF a 
68 nF + 47K 100K 
22 nF 270 K 68 1K 
VCR nF 27K 100 K 
SFE 5.5 MB 
mute 820 J (SFE 6.0 MB) = 
3.3V : + + 17> 38.9 MHz + 
voltage | POrizontal)  @ 0 : (39.5 MHz) 680 {CERAMIC 
regulator p 2.77 FILTER 680 
diode +11 pF pees 
680 330 =— _ | 22 nF 
= K K 2 
10 nF 
28 27 26 25 24 22 20 19 18 17 16 15 
TDA 4503 
vertical | 7 20] 2] 3 4 5 6 7 8 9 10 1 12 13 14 
oscillator 2K 22 nF 
220 : 22 L 
nF vertical — = 
ue feedback nF sound 
— iA output 
oe +10.5V 47K 22 nF 
— positive 
i vertical 22K supply volume 
output control 
pulse flyback — 
220 47K pulse 22.0E aan ! 1.2nF 213K 
T T : 
---p-L_- a 5.5 MHz 
I ( | i.f. input (6.0 MHz) 
22K tuning 
ss tuner 
a.g.c. 
= MO646 


Fig. 4 Typical application circuit. 
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The TBA120U is an i.f. amplifier with a symmetrical FM demodulator and an a.f. amplifier with 
adjustable output voltage. The a.f. amplifier is also provided with an output for volume control and 
an input for VCR operation. 


The input and output of the TBA120U are especially designed for LC-circuits, but the input can also 
be used with a ceramic filter. | 


QUICK REFERENCE DATA 


Supply voltage (pin 11) Vp typ. 12 V 
Supply current Ip typ. 13,5 mA 
|.F. voltage gain at f = 5,5 MHz Gy j¢ typ. 68 dB 
Input voltage starting limiting Vj typ. 30 wV 
AM suppression at Af = + 50 kHz a typ. 60 dB 
A.F. output voltage adjustment range (pin 8) AVo af typ. 85 dB 
A.F. output voltage at Af = + 50 kHz (r.m.s. value) 

at pin 8 Voaf(rms) typ. 1,2 V 

at pin 12 Voafirms) typ. 1,0 V 

Vp VAF 


a.f. 
(adiustable) 


7Z84978 


Vref = 48 V 


Fig. 1 Block diagram. 


PACKAGE OUTLINE 
14-lead DIL; plastic (SOT-27K, M, T). 


September 1985 8-148 


Signetics Linear Products 


Sound I.F. Amplifier/Demodulator For TV 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage (pin 11) 

Adjustment voltage (pin 5) 

Total power dissipation 

By-pass resistance 

Storage temperature range 

Operating ambient temperature range 


CHARACTERISTICS 

Vp = 12 V; Tamb = 25 OC; f = 5,5 MHz 

|.F. voltage gain 

Input voltage starting limiting 
at Af = + 50 kHz; f,, = 1 kHz 

|.F. output voltage at limiting 
(peak-to-peak value) 

AM suppression at Af = + 50 kHz; V; = 500 pV; 
frm = 1 kHz; m = 30% 

1.F. residual voltage without de-emphasis 
at pin 12 
at pin 8 

A.F. voltage gain 


A.F. adjustment _ 
at R4.5 = 5 kQQ; Re.4 = 13 kQ 


A.F. output voltage control range 


Adjustment resistor* * 


D.C. voltage portion at the a.f. outputs 
pin 12 


pins 

Output resistance of the a.f. outputs 
pin 12 
pin 8 

Input resistance of the a.f. input 


Stabilized reference voltage 


Source resistance of reference 
voltage source 


* 


Supply voltage operating range is 10 to 18 V. 


** Pin 5 must be connected to pin 4, when volume control adjustment is not applicable. 
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Vp =V41-1 
V5-1 

Prot 
R13-14 

T stg 

Tamb 


Gy if 6-14 


Vo if (p-p) 


Vit 12 
Vit8 
Gy af 8-3 


AVo af 
AVo af 
R45 


V12-1 
V8.1 


Ro 12-1 
Ro8-1 
Ri 3-1 


V4-1 = Vref 


R4-1 


Product Specification 


TBA420U 


—40 to+ 125 °C 


—15to +70 °C 
typ. 68 dB 
typ. 30 uV 
< 60 ywV 
typ. 250 mV 
> 50 dB 
typ. 60 dB 
typ. 30 mV 
typ. 20 mV 
typ. 7,5 
20 to 36 dB 
typ 28 dB 
> 70 dB 
typ. 85 dB 
1 to 10 kQ 
typ. 56 V 
typ. 40 V 
typ. 1,1 kQ 
typ. 1,1 kOD 
typ. 2 kQQ 
4,2t0 5,3 V 
typ. 48 V 
typ. 12 Q 
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Hum suppression 


at pin 12 : V42/V4141_ ‘typ. 30 dB 

at pin 8 V8/V 144 typ. 35 dB 
Supply current (pin 11) Ip=144 wo ene ae Lis 
|.F. input impedance IZ; | ee 


> 15kQ/<6 pF 
A.F. output voltage at Af = + 50 KHz; fp, = 1 kHz; 
Vj = 10 mV; OQ, = 45; r.m.s. value 


at pin 12 Voaf(rms) tyP- 1,0 V 

at pin 8 Voaf(rms) tyP- 1,2 V 
Distortion at Af = + 50 KHz; f,, = 1 kHz; 

V; = 10 mV; OQ, = 20 dtot typ. 1 % 


af. af. a.f. (adjustable) 


Lett Ris 


+ 47nF 


1000) 


adhe 56 pF 
390 
(1) eee (1) L1 “T7pF 


TBA120U 


(1) Either one of these 
circuits may be used 


7 
7284979 4,7kQ 10kQ2 (lin.) 


Fig. 2 Application example using TBA120U. 


September 1985 8-150 


Signetics Linear Products 


Sound I.F. Amplifier/Demodulator For TV 


Ais 
Anew | 
Pfam | 
F dices ee a Des BE 


2 4 6 R, (kQ) 8 
2 2,4 2,8 3,2 3,6 
R5—1/R4_5 


Fig. 3 The a.f. output voltage at pin 8 as a 
function of the resistance values as shown 
in Fig. 4. 
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TTT TTT Teen 7 
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ae cs el 


ae 

eS aa ee 

foe len) alot lca 
laa = 


00 
~100 -—80 —60 — 40 —20 0 
V; (4B) (2) 


(1) Vo af with de-emphasis at Af = + 50 kHz; 
fry = 1 KHZ; dtoy = 1,5%; 0 dB £770 mV. 

(2) Vj: 0 dB = 200 mV at 60 22. 

Fig.5 Thea.f. output voltage.at pin 8 asa 


function of the input voltage with SFC 5,5 MA 
at the input (see Fig. 2). 
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TBA120U 


10k2 


7284981 7 


Fig. 4 Resistor conditions for 
curves in Fig. 3. 


7284983 


Sees 8 
OE NSS 
A a 
CHS 


— 100 — 80 —60 — 40 —20 0 
V; (dB) (2) 


(1) Vo af with de-emphasis at fp, = 1 kHz; 
0 dB 2770 mV; 
curve a: Af = + 50 KHZ; dio; = 3%; 
curve b: Af = + 25 kHz; diot = 1%. 


(2) Vj: 0 dB & 200 mV at pin 14. 
Fig.6 The a.f. output voltage at pin 8 


as a function of the input voltage with 
broadband input (60 92). 
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EEE 
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Sree eeeeeeee 
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Fig. 7 The a.f. output voltages at pins 8 
and 1 as a function of the supply voltage; 
0dB 2770 mV. 


Fig. 9 Supply current and the reference 
voltage at pin 4 as a function of supply 
voltage. 
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Fig. 8 Total distortion as a function 

of the a.f. output voltage change. 

O dB 4 900 mV over i.f. (pin 8) 
— — ——0O dB 4 1,15 V (pin 8) 
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Quasi-Split Sound Circuit TDA2545A 
The TDA2545A Is a monolithic integrated circuit for quasi-split-sound processing in television receivers. 
e 3-stage gain controlled IF amplifier e Reference amplifier with limiter amplifier for vision 
e A.G.C. circult carrier (V.C.) processing 


e Linear multiplier for quadrature demodulator 


38.9 MHz 


1ST SOUND I.F. & DEMODULATOR pg 
cana erage Ee, 


LIMITER 
AMPLIFIER 
90° 


V+ 


LF.INPUT © 
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Quasi-Split Sound I.F. with Sound Demodulator | _ ~ TDA2546A 


GENERAL DESCRIPTION 


The TDA2546A is a monolithic integrated circuit for quasi-split-sound processing, including 5.5 MHz | 
demodulation, in television receivers. 


Features 
1st i.f. (V.C.: vision carrier plus S.C.: sound carrier) 


@ 3-stage gain controlled i.f. amplifier 

© A.G.C. circuit 

@ Reference amplifier and limiter amplifier for vision carrier (V.C.) processing 
@ Linear multiplier for quadrature demodulation 


2nd i.f. (5.5 MHz signal) 


@ 8-stage limiter amplifier 

@® Quadrature demodulator 

@ A.F. amplifier with de-emphasis 
@ AV switch 


QUICK REFERENCE DATA 


Supply voltage (pin 15) Vp = V15-16 typ. 12 V 


Supply current (pin 15) Ip=115 typ. 54 mA 
Minimum i.f. vision carrier input voltage (r.m.s. value) VVC1-18(rms) tYP: 50 uV 
Output voltage; 5.5 MHz (r.m.s. value) V144-16(rms) _tYP. 100 mV 
Output voltage; 5.742 MHz (r.m.s. value) V14-16(rms) tYP: 45 mV 
|.F. control range AGy min. 66 dB 
Signal-to-weighted-noise ratio 

at 5.5 MHz S + W/W min. 53 dB 

at 5.742 MHz S + W/W min. 51 dB 
A.F. output voltage (r.m.s. value) Vo06-16(rms)  tYP- 0.6 V 


PACKAGE OUTLINES 
18-lead DIL; plastic (SOT-102CS). 
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GRE} sequia}des 


29d SOUND I.F. 
& FM DEMODULATOR 


18t SOUND I.F. & DEMODULATOR 


| 
| 
| 
LIMITER - | 
AMPLIFIER | 
TDA2546A | 
| = 
| 
7 | 1K 
| 
1K 
90° vee! 
| 
eel 12> 17> 
| LIMITER —- AMPLIFIER 
3K | (8-STAGE) 8.2K 
2 | 
= | 800 
SIGNAL | 
PROCESSING x l 
FOR A.G.C. 
= | al 
| aa 
3 16 14 12 3 fir, ds 4 
D 
=f ale muting 
ha = = circuit 
in Sr) 
“—T 
7Z284655.1A 


5,742 MHz 
—“ to external 
AW FM demodulator 


(1) 1.F. signal: vision carrier (V.C.) and sound carrier (S.C.) 


Fig. 1 Block diagram. 
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Quasi-Split Sound |.F. with Sound Demodulator 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage (pin 15) 

Input current (pin 4) 

Storage temperature range 

Operating ambient temperature range 
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Vp = V15-16 
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T stg 

Tamb 
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TDA2546A 


max. 13.2 V 

max. 5 mA 
—25 to +150 °C 
0 to +70 °C 
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Quasi-Split Sound I.F. with Sound Demodulator 


CHARACTERISTICS 


Product Specification 


TDA2546A 


Vp = V15-16 = 12 V; Tamb = 25 OC; measured at fyc¢ = 38.9 MHz, fgc1 = 33.4 MHz, 


foc? = 33.158 MHz: 


Vision carrier (V.C.) modulated with 2 T/20 T pulses, line-for-line alternating with white bars; modula- 
tion depth 100% (proportional to 10% residual carrier). 

Sound carriers (S.C.1, S.C.2) modulated with f = 1 kHz and Af = + 30 kHz. 

Vision-to-sound carrier ratios are V.C./S.C.1 = 13 dB and V.C./S.C.2 = 20 cB. 


Vision carrier amplitude (r.m.s. value) is Vyc = 10 mV. 
For measuring circuit see Fig. 2; unless otherwise specified. 


parameter 


Supply (pin 15) 
Supply voltage 
Supply current 


|.F. amplifier 


Minimum input voltage (r.m.s. value) 
(intercarrier signals —3 dB) 


Maximum input voltage (r.m.s. value) 
(intercarrier signals + 1 dB) 


1.F. control range 
Control voltage range 
Input resistance 


Input capacitance 


Intercarrier generation 

Output voltage; 5.5 MHz (r.m.s. value) 
Output voltage; 5.742 MHz (r.m.s. value) 
D.C. output voltage 

Allowable load resistance at the output 
Allowable output current 


Frequency demodulator 
(measured at f = 5.5 MHz) 


Input voltage for start of limiting (r.m.s. value) 
Maximum input voltage (r.m.s. value) 
D.C. output voltage 
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Vp = V15-16 
Ip=l15 


VVvC1-18(rms) 


VVC1-18(rms) 
AGy 

V3-16 

R1-18 

C1-18 


V14-16(rms) 
V 14-16(rms) 
V 14-16 
R14-16 
—l14 


V12-16(rms) 
V12-16(rms) 
V11,12,13-16 
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Quasi-Split Sound I.F. with Sound Demodulator TDA2546A 


Powe TT 


A.F. output voltage (r.m.s. value) V6-16(rms) 
D.C. output voltage ; V6-16 
Allowable load resistance at the output R6-16 
Total harmonic distortion THD 
Internal de-emphasis resistance ~Rj5-16 
Switching voltage (pin 4) 

for mute V4-16 

for a.f. on V4-16 


Intercarrier signal-to-noise 

(measured behind the FM demodulators) 

Signal-to-weighted-noise ratio _ 
according to CCIR 468-2, quasi-peak 
at 5.5 MHz 
at 5.742 MHz 


with black level (vision carrier 
modulated with sync pulses only) 


at 5.5 MHz 
at 5.742 MHz 
filter 5.742 MHz 
I to external 
+Vo 820 FM demodulator 
V od 
filter 5,5 MHz 
+ 
= | 22uF 820 820 47 nF 
4.7 —) iene OLY 5S eee Ba = 

i.f. input Jn 

15|V* 

4.7 _ 
5 | nF TDA2546A 8 Wi 
4.7 eo 
+ 38.9 MHz 
Q=40 
= = ee nF nF 5.5 MHz | 
i = 2,2 680pF 0=25 
BF 
. : vi; L2 
AV a J 
switching de-emphasis 
voltage af 
output 7Z84653.1A 


(1) 1.F. signal: vision carrier (V.C.) and sound carrier (S.C.). 


Fig. 2 Measuring circuit for TDA2546A. 
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Dual TV Sound Demodulator Circuit 


GENERAL DESCRIPTION 


Product Specification 


TDA2555 


The TDA2555 incorporates two FM demodulator systems to perform the demodulator functions 
required in a dual sound carrier TV system for demodulating the sound carriers. 


@ Eight stage limiting amplifier 

@ Quadrature demodulator for FM detection 
@ De-emphasis stage 

@ Output amplifier 


QUICK REFERENCE DATA 


Supply voltage (pins 13 and 15) 
Supply current (pins 13 and 15) 
AF output voltage (pins 2 and 8), rms value 


Total harmonic distortion 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT-102HE). 


8-159 


Vp typ. 
Ip typ. 
Vo(rms) typ. 


THD < 


12 V 
24,5 mA 
350 mV 
0,1 % 
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+ 
8 - STAGE QUADRATURE 
LIMITING AMPLIFIER = DEMODULATOR TDA2555 . 
17 
Ke 1k2 
| 
16 “| x : 
She _ 
: 
SUPPLY 
Y— I 
3 4 14 15 


‘fo 
q +12V i 
i 7 7280516 


Fig. 1 Block diagram. 
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Dual TV Sound Demodulator Circuit TDA2555 
RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pins 13 and 15) Vp max. 13,2 V 
Total power dissipation Prot max. 400 mW 
Storage temperature range Tstg —25 to +150 °C 
Operating ambient temperature Tamb 0 to +70 °C 


CHARACTERISTICS 


Vp = V13,15-14 = 12 V; Tamb = 25 OC; f = 5,5 MHZ; fry = 1 KHz; Af = + 30 KHZ; Vj (rms) = 5 MV, see 
test circuit Fig. 2, voltages with respect to ground (pin 14), unless otherwise specified. 


Supply voltage (pins 13 and 15) 


Supply current ‘a 15 


Input voltage (rms value) 
for start of limiting 


V12, 17(rms) 
Maximum input voltage V12,17-14 


D.C. voltage at inputs 
pins 10, 11, 12, 16, 17 and 18 to 14 


A.M. suppression 
fm(fm) = 70 Hz; Af = + 30 kHz 
fm(am) = 1 kHz; m = 30% 


A.F. output voltage 
r.m.s. value 


D.C. voltage at outputs 
pins 2 and 8 


Output lead resistance 
pins 2 and 8 


Total harmonic distortion 


Internal de-emphasis resistance 
pins 1 and 9 


Channel separation 
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IF 5 +12V IF y 


4 
hee eae ae 


+ 
Z Z 
Al Tae 
500 .  |s00 
47 nF 47 nF 
A 22 nF ae 22 nF }+—_k 
15 14 13 


TDA2555 


AF 5 AF, 
7 ss 
oopF| 1K& Joapr = 22pr| 1K Joapr 
18kQ 1,8kQ aeons 


Fig. 2 Test circuit. 
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GENERAL DESCRIPTION 


The TDA2577A separates the vertical and horizontal sync pulses from the composite TV video signal 
and uses them to synchronize horizontal and vertical oscillators. 


Features 


@ Horizontal sync separator and noise inverter 

@ Horizontal oscillator 

@ Horizontal output stage 

@ Horizontal phase detector (sync to oscillator) 

@ Time constant switch for phase detector (fast time constant during catching) 

@ Slow time constant for noise only conditions 

e@ Time constant externally switchable (e.g. fast for VCR) 

@ Inhibit of horizontal phase detector and video transmitter identification circuit during vertical 
oscillator flyback 

@ Second phase detector (y2) for storage compensation of horizontal deflection stage 

e Sandcastle pulse generator (3-levels) 

@ Video transmitter identification circuit 

@ Stabilizer and supply circuit for starting the horizontal oscillator and output stage directly from the 
mains rectifier 

@ Duty factor of horizontal output pulse is 50% when flyback pulse is absent 

e Vertical sync separator 

@ Bandgap 6.5 V reference voltage for vertical oscillator and comparator 

@ Synchronized vertical oscillator/sawtooth generator (synchronization inhibited when no video 
transmitter is detected) 

@ Internal circuit for 3% parabolic pre-correction of the oscillator/sawtooth generator. Comparator 
supplied with pre-corrected sawtooth and external feedback input 

@ Vertical comparator with internal 3% pre-correction circuit for vertical oscillator/sawtooth generator 

@ Vertical driver stage 

@ Vertical blanking pulse generator with external adjustment of pulse duration (50 Hz: 21 lines; 
60Hz: 17 lines) 

@ Vertical guard circuit 


QUICK REFERENCE DATA 


Supply 
Minimum current required to start horizontal 

oscillator and output stage (pin 16) 16 > 4 mA 
Main supply voltage (pin 10) Vp=Vi9-9 typ. 12 V 
Supply current Ip=l40 typ. 55 mA 
Input signals 
Sync pulse input voltage (peak-to-peak value; negative-going) V5-9(p-p) 0.15to1 V 
Output signals 
Horizontal output pulse (open collector) at 144 =40 mA V11-9 < 0.5 V 
Vertical output pulse (emitter-follower) at 11 = 10 mA Vi9 > 4 Vv 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT-102HE). 
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Fig. 1 Block diagram. 
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Sync Circuit with Vertical Oscillator and Driver TDA2577A 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Start current (pin 16) l46 max. 8 mA 
Supply voltage (pin 10) Vp=V190-9 max. 13.2 V 
Total power dissipation Prot max. 1.1 W 
Storage temperature range T stg —55 to +.150 °C 
Operating ambient temperature range Tamb —25 to+65 OC 
THERMAL RESISTANCE 
From junction to ambient in free air Rthj-a typ. 50 K/W 
CHARACTERISTICS 
116 = 5 mA; Vp = 12 V; Tamb = 25 OC; unless otherwise specified 
Supply 
Supply current at pin 16 l16 4to8 mA 
Stabilized supply voltage (pin 16 V16. tye: 8.7 V 
prem aten er i 16-9 8.0 to 9.5 V 
Supply current (pin 10) typ. 55 mA 
: g 10 < 70 mA 
Supply voltage (pin 10) Vp =V10-9 a ee 
10 to 13.2 V 
Video input (pin 5) 

s typ. 3.1 V 
Top-sync level V5.9 1.5 to 3.75 V 
Sync pulse amplitude (peak-to-peak value) (note 1) V59( oe 0.6 V 

: 9(p-p) 0.15to1 V 
ot typ. 50 % 
Slicing level 35 to 65 % 
Delay between video input and detector output t4 typ. 0.35 us 
Noise gate (pin 5) 
ee typ. 0.7 V 
Switching level V59 c 1V 
First control loop (sync to oscillator: pin 8) 
Holding range Af typ. + 800 Hz 
typ. +800 Hz 
Catching range Af +600 to 1100 Hz 


1 kHz/ps 
275 kHz/us 
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Fig. 2 TDA2577A Circuit Diagram. 
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Fig. 2 TDA2577A Circuit Diagram. (Continued) 
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Second control loop (horizontal output to flyback; pin 14) 
Control sensitivity; static (see note 2) 
Control range 


Controlled edge 
Phase adjustment (via 2nd control loop; pin 14) 


Control sensitivity 

Maximum permissible control current 

Horizontal oscillator (pin 15) 

Frequency (no sync) 

Frequency spread (Cocg = 2.2 NF; Rogc = 40 k&2) 

Frequency deviation between starting point of 
output signal and stabilized condition 


Temperature coefficient 
Horizontal output (pin 11) 


Output voltage; high level 
Voltage at which protection starts 


Output voltage; low level 
start condition at 144 =10mA 


normal condition at |44 =40 mA 


Duty factor of output signal during 
starting (no phase shift; voltage at pin 11 low) 


Duty factor of output signal 
without flyback pulse 
Controlled edge 
Duration of output pulse (see Fig. 3) 
Sandcastle output pulse (pin 17) 
Output voltage during: 
burst key 


horizontal blanking 


vertical blanking 


Pulse duration 


burst key 


horizontal blanking 

vertical blanking 
for 50 Hz application (—149 : 0 to 0.1 mA) 
for 60 Hz application (—I749 : typ. 0.2 mA) 
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Atg/Aty 


tq 
negative 


+114 


fosc 
Afosc 


Afosc 
TC 


V11-9 
V11-9 


V11-9 


negative 


Product Specification 


TDA2577A 
typ. 400 ys/us 
1 to 50 mus 
typ. 25 pA/us 
< 50 ywA 
typ. 15625 Hz 
< 4 % 
typ. 6 % 
< 8 % 
typ. 1°10% K-! 
< 13.2 V 
13 to 15.8 V 
typ. 0.3 V 
< 0.5 V 
typ. 0.3 V 
< 0.5 V 
typ. 65 % 
typ. 50 % 
45 to 55 % 


tq + ty + 2.5 MSs 


typ. 


3.6 to 4.4 us 


flyback pulse (see note 3) 


21 lines 
17 lines 
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CHARACTERISTICS (continued) 


Delay between the start of the sync at the video 
input and the rising edge of the burst key pulse 


Coincidence detector; video transmitter identification circuit; 
time constant switches (pin 18); see also Fig. 2 


Detector output current 
Voltage during noise (note 4) 
Voltage level for in-sync condition 


Switching level slow to fast 


Switching level 
mute function active; p1 fast to slow 


vertical period counter 
3 periods fast 


Switching level slow to fast (locking) 
mute function inactive 


Switching level fast to slow (locking) 


Switching level for VCR (fast time constant) 
without mute function 


Video transmitter identification output (pin 13) 


Output voltage active (no sync) at 143 =1mA 
Output voltage active (no sync) at 143 =5mA 


Output voltage inactive 


VCR switching (pin 13) 


Input current for fast time constant 
phase detector y1, with mute function active 


Flyback input pulse (pin 12) 

Switching level 

Input current 

Input pulse amplitude (peak-to-peak value) 
Input resistance 


Delay time of sync pulse (measured in 94) 
to flyback at switching level; te = 12 us 
(see also note 2 and Fig. 4) 
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t2 


V 12-9 

142 
V12-9(p-p) 
R12-9 


to 


Product Specification 


TDA2577A 
typ. 4.9 us 
4.5 to 5.3 ws 
typ. 300 pA 
typ. 0.3 V 
typ. 7.5 V 
typ. 3.5 V 
3.2 t0 3.8 V 
typ. 1.2 V 
1.0to 1.4 V 
typ. 0.12 V 
0.08 to0.16 V 
typ. 1.7 V 
1.5to 1.9 V 
typ. 5.0 V 
4.7t0 5.3 V 
typ. 8.6 V 
8.2 to 9.0 V 
> 10 V 
typ. 11 V 
> 7 V 
typ. 10 V 
< 0.5 V 
typ. 0.1 V 
typ. 0.6 mA 
0.4 to 0.8 mA 
typ. 1 V 
0.2 to4 mA 
< 12 V 
typ. 2.7 kQ 
typ. 1.3 us 
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Duration of vertical blanking pulse (pin 12) 
Required input current (negative) 


. : A 
for 50 Hz application; 21 lines blanking —l49 aes 1Bto< ne Le 
for 60 Hz application; 17 lines blanking —l49 < 0.1 mA 
Maximum allowed input current —l49 < 0.4 mA 
Vertical sawtooth generator (pin 3) 
Vertical frequency (no sync) f, typ. 46 Hz 
Frequency spread (Coco = 680 nF; Rogg = 180 kQ;at+26V) Af, < 4% 
Synchronization range typ. 22 % 
Input current at V3.9 = 6 V Ig < 2 vA 
Frequency shift for Vp = 10 to 13 V Af, < 0.2 % 
Temperature coefficient TC typ. 1:°107% K'! 
Comparator (pin 2) 
‘ typ. 44 V 

Input voltage; d.c. level V9.9 4004.8 V 

a.c. level (peak-to-peak value) V2.9(p-p) _tYP- 1.6 V 
Input current at V9.9 =6 V lo < 2 WA 
Sawtooth internal pre-correction (parabolic convex) | typ. 3 % 
Vertical output stage; emitter follower (pin 1) 
Output voltage at 14 = 10 mA V4-9 YP 3.9 nage : 
Output current 14 < 20 mA 
Vertical guard circuit 
Activating voltage levels (vertical blanking level is 2.5 V) 

switching level low V9.9 typ. 27103 : : 

switching level high V9.9 Hye: Eade | ¥ 


Notes to characteristics 


1. Up to 1 V peak-to-peak the slicing level is constant; at amplitudes exceeding 1 V peak-to-peak the 
slicing level will increase. 
2. ty = delay between negative transient of horizontal output pulse and the rising edge of the flyback 
ae 
= delay between the rising edge of the flyback pulse and the start of the current in 94 (pin 8). 
3. he duration of the flyback pulse is measured at the input switching level, which is about 1 V (t¢)). 
4. Depends on d.c. level at pin 5; value given applicable for V5.9 ~ 5 V. 
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in-sync condition 


slow ¥ 4 fast VCR mode; 


<«— without mute function 
<— normal mode 


V1g-9 


<x; slow 
P41 fast VCR mode ; 


4 fast —» 
with mute function 


mute in —» 


noise only 7Z86170.1 


Fig. 3 Voltage levels at pin 18 (V9.9). 


APPLICATION INFORMATION 


The TDA2577A generates the signal for driving the horizontal deflection output circuit. It also contains 
a synchronized vertical sawtooth generator for direct drive of the vertical deflection output stage. 


The horizontal oscillator and output stage can start operating on a very low supply current (14g =4 mA), 
which can be taken directly from the mains rectifier. Therefore, it is possible to derive the main supply 
(pin 10) from the horizontal deflection output stage. The duty factor of the horizontal output signal 

is about 65% during the starting-up procedure. After starting-up, the second phase detector (9) is 
activated to control the timing of the negative-going edge of the horizontal output signal. 


A bandgap reference voltage (6.5 V) is provided for supply and reference of the vertical oscillator and 
comparator stage. 


The slicing level of the horizontal sync separator is independent of the amplitude of the sync pulse at 
the input. The resistor between pins 6 and 7 determines its value. A 4.7 kQ resistor gives a slicing level 
at the middle of the sync pulse. The nominal top sync level at the input is 3.1 V. The amplitude 
selective noise inverter is activated at a level of 0.7 V. 


Good stability is obtained by means of the two control loops. In the first loop, the phase of the 

horizontal sync signal is compared with a waveform of which the rising edge refers to the top of the 
horizontal oscillator signal. 1n the second loop, the phase of the flyback pulse is compared with another 
reference waveform, the timing of which is such that the top of the flyback pulse is situated symmetrically 
on the horizontal blanking interval of the video signal. Therefore the first loop can be designed for a good 
noise immunity, whereas the second loop can be as fast as desired for compensation of switch-off delays 

in the horizontal output stage. 


The first phase detector is gated with a pulse derived from the horizontal oscillator signal. This gating 
(slow time constant) is switched off during catching. Also, the output current of the phase detector is 
increased fivefold, during the catching time and VCR conditions (fast time constant). The first phase 

detector is inhibited during the retrace time of the vertical oscillator. 


The in-sync, out-of-sync or no video condition is detected by the video transmitter identification/coin- 
cidence detector circuit (pin 18). The voltage on pin 18 defines the time constant and gating of the first 
phase detector. The relationship between this voltage and the various switching levels is shown in Fig. 3. 
The complete survey of the switching actions is given in Table 1. 
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APPLICATION INFORMATION (continued) 
Table 1 Switching levels at pin 18. 


first phase detector a 


Pd eae eee 
X 


voltage at 
pin 18 


receiving conditions 


mute output 
at pin 13 


7.5V 
7.5 to 3.5 V 
3.5 to 1.2 V 
1.2t00.1 V 
0.1 to 1.7 V 
1.7 to 5.0 V 


video signal detected 


video signal detected 


video signal detected 


noise only 


new video signal detected 


horizontal oscillator locked 


VCR playback with mute function 


50to7.5V 
8,7 V 


horizontal oscillator locked 


VCR playback without mute function 


Where: * = 3 vertical periods. 


The stability of displayed video information (e.g. channel number), during noise only conditions, is 
improved by the first phase detector time constant being set to slow. 


The average voltage level of the video input on pin 5 during noise only conditions should not exceed 
5.5 V otherwise the time constant switch may be set to fast due to the average voltage level on pin 

18 dropping below 0.1 V. When the voltage on pin 18 drops below 100 mV a counter is activated 

which sets the time constant switch to fast, and not gated for 3 vertical periods. This condition occurs 
when a new video signal is present at pin 5. When the horizontal oscillator is locked the voltage on pin 18 
increases. Nominally a level of 5 V is reached within 15 ms (1 vertical period). The mute switching level 
of 1.2 V is reached within 5 ms (Cg = 47 nF). If the video transmitter identification circuit is required 
to operate under VCR playback conditions the first phase detector can be set to fast by connecting a 
resistor of 180 kQ between pin 18 and ground. Also a current of 0.6 mA into pin 13 sets the first phase 
detector to fast without affecting the mute output function (active HIGH with no video signal detected). 
For VCR playback without mute function, the first phase detector can be set to fast by connecting a 
resistor of 1 k&2 to the supply (pin 10). 


The supply for the horizontal oscillator (pin 15) and horizontal output stage (pin 11) is derived from the 
voltage at pin 16 during the start condition. The horizontal output signal starts at a nominal supply cur- 
rent into pin 16 of 3.5 mA, which will result in a supply voltage of about 5.5 V (for guaranteed operation 
of all devices 14g > 4 mA). It is possible that the main supply voltage at pin 10 is 0 V during starting, so 
the main supply of the IC can be taken from the horizontal deflection output stage. The start of the 
other IC functions depends on the value of the main supply voltage at pin 10. At 5.5 V all IC functions 
start operating except the second phase detector (oscillator to flyback pulse). The output voltage of the 
second phase detector at pin 14 is clamped by means of an internally loaded n-p-n emitter follower. 
This ensures that the duty factor of the horizontal output signal (pin 11) remains at about 65%. The. 
second phase detector will close if the supply voltage at pin 10 reaches 8.8 V. At this value the supply 
current for the horizontal oscillator and output stage is delivered by pin 10, which also causes the . 
voltage at pin 16 to change to a stabilized 8.7 V. This change switches off the n-p-n emitter follower 

at pin 14 and activates the second phase detector. The supply voltage for the horizontal oscillator will, 
however, still be referred to the stabilized voltage at pin 16, and the duty factor of the output signal 

at pin 12 is at the value required by the delay at the horizontal deflection stage. Thus switch-off delays 
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in the horizontal output stage are compensated. When no horizontal flyback signal is detected the duty 
factor of the horizontal output signal is 50%. 


Horizontal picture shift is possible by externally charging or discharging the 47 nF capacitor connected 
to pin 14. 


The IC also contains a synchronized vertical oscillator/sawtooth generator. The oscillator signal is 
connected to the internal comparator (the other side of which is connected to pin 2), via an inverter 
and amplitude divider stage. The output of the comparator drives an emitter-follower output stage at 
pin 1. For a linear sawtooth in the oscillator, the load resistor at pin 3 should be connected to a voltage 
source of 26 V or higher. The sawtooth amplitude is not influenced by the main supply at pin 10. The 
feedback signal is applied to pin 2 and compared to the sawtooth signal at pin 3. For an economical 
feedback circuit with less picture bounce the sawtooth signal is internally precorrected by 3% (convex) 
referred to pin 2. The linearity of the vertical deflection current depends upon the oscillator signal at 
pin 3 and the feedback signal at pin 2. 


Synchronization of the vertical oscillator is inhibited when the mute output is present at pin 13. 


To minimize the influence of the horizontal part on the vertical part a 6.5 V bandgap reference source 
is provided for supply and reference of the vertical oscillator and comparator. 


The sandcastle pulse, generated at pin 17, has three different voltage levels. The highest level (11 V) 
can be used for burst gating and black level clamping. The second level (4.6 V) is obtained from the 
horizontal flyback pulse at pin 12 and used for horizontal blanking. The third level (2.5 V) is used for 
vertical blanking and is derived by counting the horizontal frequency pulses. For 50 Hz the blanking 
pulse duration is 21 lines and for 60 Hz it is 17 lines. The blanking pulse duration is set by the negative 
voltage value of the horizontal flyback pulse at pin 12. 


The IC also incorporates a vertical guard circuit, which monitors the vertical feedback signal at pin 2. 
If this level is below 3 V or higher than 5.8 V, the guard circuit will insert a continuous level of 2.5 V 
into the sandcastle output signal. This will result in complete blanking of the screen if the sandcastle 

pulse is used for blanking in the TV set. 
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APPLICATION INFORMATION (continued) 
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Fig. 4 Timing diagram of the TDA2577A. 


September 1985 8-174 


Signetics Linear Products Product Specification 


Sync Circuit with Vertical Oscillator and Driver TDA2577A 


horizontal 
flyback sandcastle pulse 
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+12V drive 
) 


TDA2577A 


5 v fo adj. 
f,, adj. (horizontal) vertical vertical 
erica) ) feedback drive 
video + from pin 9 


TDA3651 7286168.1 


Fig. 5 Typical application circuit diagram; for combination of the TDA2577A with the TDA3651 see 
Fig. 7. 
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+12V 
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14 «+ We 2 47K 
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Fig. 6 Circuit configuration at pin 14 for phase adjustment. 
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APPLICATION INFORMATION (continued) 
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uf 27K 
100 1.2 
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Fig. 7 Typical application circuit diagram of the TDA3651 (vertical output), when used in combination 
with the TDA2577A (90° application). 
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GENERAL DESCRIPTION 


The TDA2578A separates the vertical and horizontal sync pulses from the composite TV video signal 
and uses them to synchronize horizontal and vertical oscillators. 


Features 

@ Horizontal sync separator and noise inverter 

@ Horizontal oscillator 

® Horizontal output stage 

@ Horizontal phase detector (sync to oscillator) 

@ Time constant switch for phase detector (fast time constant during catching) 

@ Slow time constant for noise only conditions 

@ Time constant externally switchable (e.g. fast for VCR) 

@ Inhibit of horizontal phase detector and video transmitter identification circuit during vertical 


oscillator flyback 

Second phase detector (py) for storage compensation of horizontal deflection stage 
Sandcastle pulse generator (3-levels) 

Video transmitter identification circuit 

Stabilizer and supply circuit for starting the horizontal oscillator and output stage directly from the 
mains rectifier 

Duty factor of horizontal output pulse is 50% when flyback pulse is absent 
Vertical sync separator 

Bandgap 6.5 V reference voltage for vertical oscillator and comparator 
Synchronized vertical oscillator/sawtooth generator 

(synchronization inhibited when no video transmitter is detected) 

Internal circuit for 6% parabolic pre-correction of the oscillator/sawtooth generator. Comparator 
supplied with pre-corrected sawtooth and external feedback input 

Vertical driver stage 

Vertical blanking pulse generator 

50/60 Hz detector 

50/60 Hz identification output 

Automatic amplitude adjustment for 60 Hz 

Automatic adjustment of blanking pulse duration 

(50 Hz: 21 lines: 60 Hz: 17 lines) 

Vertical guard curcuit 


QUICK REFERENCE DATA 


Supply 
Minimum current required to start horizontal 

oscillator and output stage (pin 16) 16 > 4 mA 
Main supply voltage (pin 10) Vp=V10.9 _ typ. 12 V 
Supply current Ip=l10 typ. 55 mA 
Input signals 
Sync pulse input voltage (peak-to-peak value; negative-going) V5-9(p-p) 0.15to1 V 
Output signals 
Horizontal output pulse (open collector) at 144 =40mA V11-9 < 0.5 V 
Vertical output pulse (emitter-follower) at 17 = 10mA Vig - > 4V 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT-102HE). 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Start current (pin 16) 

Supply voltage (pin 10) 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 


THERMAL RESISTANCE 


From junction to ambient in free air 


CHARACTERISTICS 


116 
Vp=V10-9 
Prot 

T stg. 

Tamb 


Rth j-a 


1146 = 5 mA; Vp = 12 V; Tamb = 25 OC; unless otherwise specified 


Supply 
Supply current at pin 16 


Stabilized supply voltage (pin 16) 
Supply current (pin 10) 


Supply voltage (pin 10) 
Video input (pin 5) 


Top-sync level 
Sync pulse amplitude (peak-to-peak value) (note 1) 


Slicing level 


Delay between video input and detector output 
Noise gate (pin 5) 
Switching level 


First control loop (sync to oscillator; pin 8) 
Holding range 


Catching range 


Control sensitivity video with respect to 
oscillator, burst key and flyback pulse 


for slow time constant 
for fast time constant 


4 


V5.9 


Af 


Af 


Product Specification 
TDA2578A 

max. 8 mA 
max. 13.2 V 
max. 1.1 W 
—55 to + 150 OC 
—25to +65 °C 

typ. 50 K/W 
4to8 mA 
typ. 8.7 V 
8.0 to 9.5 V 
typ. 55 mA 
< 70 mA 
typ. 12 V 
10 to 13.2 V 
typ. 3.1 V 
1.5 to 3.75 V 
typ. 0.6 V 
0.15to1 V 
typ. 50 % 
35 to 65 % 
typ. 0.35 us 
typ. 0.7 V 
< 1V 
typ. + 800 Hz 
typ. + 800 Hz 
+ 600 to 1100 Hz 

typ. 1 kHz/ys 
typ. 2.75 kHz/us 
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Fig. 2 TDA2578A Circuit diagram. 
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Fig. 2 TDA2578A Circuit diagram. (Continued) 
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Duration of output pulse (see Fig. 4) 
Sandcastle output pulse (pin 17) 


Output voltage during: 
burst key 


horizontal blanking 


vertical blanking 


Pulse duration 
burst key 


horizontal blanking 
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at 50 Hz 
at 60 Hz 
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tq + horizontal flyback pulse 


V17-9 > 10 
V typ. 4.6 
17-9 4.2 to 5 
typ. 2.5 

V17-9 2to 3 
: typ. 4 
p 3.6 to 4.4 


flyback pulse (see note 3) 


21 lines 
17 lines 
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Second control loop (horizontal output to flyback; pin 14) 
Control sensitivity; static (see note 2) Atg/Aty typ. 400 us/ps 
Control range tg 1 to 45 us 
Controlled edge positive 
Phase adjustment (via 2nd control loop; pin 14) 
Control sensitivity typ. 25 pA/us 
Maximum permissible control current t 144 < 50 yA 
Horizontal oscillator (pin 15) 
Frequency (no sync) fosc typ. 15625 Hz 
Frequency spread (Coe = 2,7 NF; Rogge = 33 kQ; no sync) Afosc < 4 % 
Frequency deviation between starting point of | typ. 6 % 
output signal and stabilized condition Afosc S 8 ¥ 
Temperature coefficient cc typ. 1°10°* K"' 
Horizontal output (pin 11) 
Output voltage; high level V41-9 < 13.2 V 
Voltage at which protection starts V41-9 13 to 15.8 V 
utput voltage; | leve 
. aa ae ia : 10 mA V41-9 a ee : 
normal condition at 144 =40 mA V41-9 oe a : 
Duty factor of output signal during 
starting (no phase shift) 14g = 4 mA (voltage at pin 11 low) 6 typ. 65 % 
Duty factor of output signal 
sion a joe ake ° 6 Pye: A5 to Z 
Controlled edge positive 


<_< SS 


Us 
Ms 
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CHARACTERISTICS (continued) 


Delay between the start of the sync at the video 


: 2 | typ. 4.9 us 
input and the rising edge of the burst key pulse t2 a . 


4.5to 5.3 us 
Coincidence detector: video transmitter identification circuit; 
time constant switches (pin 18); see also Fig. 3 


Detector output current tlie typ. 300 wA 
Voltage during noise (note 4) V18-9 typ. 0.3 V 
Voltage level for in-synce condition V18-9 typ. 7.5 V 
Switching level slow to fast V 198-9 me > to . : 
Switching level _ typ. 12 Vv 
mute function active; p71 fast to slow V 18-9 10to1.4 V 
vertical period counter 
: typ. 0.12 V 
3 periods fast V 18-9 oe to 0.16 V 
Switching level slow to fast (locking) typ. 17 V 
mute function inactive V18-9 1.5to 1.9 V 
Switching level fast to slow (locking) V 18-9 a, 7 to ae 7 
Switching level for VCR (fast time constant) 
: typ. 8.6 V 
without mute function V 18-9 8.2to90 V 
Video transmitter identification output (pin 13) 
; _ < 0.5 V 
Output voltage active (no sync) at 143 =1mMA V 13-9 typ. 0.3 V 
Sink current active (no sync) 143 < 5 mA 
Output current inactive (sync: 50 Hz) 143 < 1 ywA 
50/60 Hz identification (pin 13) 
R13 = 15 kQ to + 12 V (note 5) 
at f = 50 Hz (in sync condition) V 13-9 typ. V19.9 V 
at f = 60 Hz (in sync condition) V 13-9 ne 7.2 ne " 
Flyback input pulse (pin 12) 
Switching level V12-9 typ. 1 V 
Input current 42 0.2 to4 mA 
Input pulse amplitude (peak-to-peak value) V12-9(p-p) < 12 V 
Input resistance R12.9 typ. 2.7 kQ 
Delay time of sync pulse (measured in 4) 
to flyback at switching level; tg) = 12 us 
(see also note 2 and Fig. 4) to typ. 1.3 ps 
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Vertical sawtooth generator (pin 3) 


Vertical frequency (no sync) f, typ. 46 Hz 
Frequency spread (Coc = 680 nF; 

Rosc = 180 kQ2; at + 26 V) Af, oo < 4% 
Synchronization range (note 6) typ. 33. % 
Input current at V3.9 =6 V I3 < 3 pA 
Frequency shift for Vp = 10 to 13 V Af, < 0.2 % 
Temperature coefficient TC typ. 1°10 K"! 


Comparator (pin 2) 


; 44 V 

Input voltage; d.c. level V2.9 mp 4.0 to 4.8 V 

a.c. level (peak-to-peak value) V2-9(p-p) typ. 0.8 V 
Input current at V7.9 = 6 V I < 2 pA 

Sawtooth internal pre-correction (parabolic convex) typ. 6 % 

Vertical output stage; emitter follower (pin 1) 

V 

Output voltage at 11 = 10 mA V1-9 we 32105 V 
Output current 14 < 20 mA 

- Vertical guard circuit 

Activating voltage levels (vertical blanking level is 2.5 V) typ. 3.35 V 

switching level low V2.9 3.0 to 3.7 V 

switching level high V2.9 oe - oe 


Notes to characteristics 


1. Up to 1 V peak-to-peak the slicing level is constant; at amplitudes exceeding 1 V peak-to-peak the 
slicing level will increase. 


2. tq = delay between positive transient of horizontal output pulse and the rising edge of the flyback 
pulse. 
to = delay between the rising edge of the flyback pulse and the start of the current in yq (pin 8). 


The duration of the flyback pulse is measured at the input switching level, which is about 1 V (te). 
Depends on d.c. level at pin 5; value given applicable for V5.9 ~ 5 V. 

For 60 Hz a p-n-p emitter clamp is activated. | | 
When fy = 46 Hz the 50/60 Hz detector switches over to 60 Hz; video input signal at pin 5 ~ 55 Hz. 


oa Ww 
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Fig. 3 Voltage levels at pin 18 (V7g_9). 
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APPLICATION INFORMATION 


The TDA2578A generates the signal for driving the horizontal deflection output circuit. It also contains 
a synchronized vertical sawtooth generator for direct drive of the vertical deflection output stage. 


The horizontal oscillator and output stage can start operating ona very low supply current (14g 2 4 mA), 
which can be taken directly from the mains rectifier. Therefore, it is possible to derive the main supply 
(pin 10) from the horizontal deflection output stage. The duty factor of the horizontal output signal 

is about 65% during the starting-up procedure. After starting-up, the second phase detector (y9) is 
activated to control the timing of the positive-going edge of the horizontal output signal. 


A bandgap reference voltage (6.5 V) is provided for supply and reference of the vertical oscillator and 
comparator stage. 


The slicing level of the horizontal sync separator is independent of the amplitude of the sync.pulse at 
the input. The resistor between pins 6 and 7 determines its value. A 4.7 kQ resistor gives a slicing level 
at the middle of the sync pulse. The nominal top sync level at the input is 3.1 V. The amplitude 
selective noise inverter is activated at a level of 0,7 V. 


Good stability is obtained by means of the two control loops. In the first loop, the phase of the 
horizontal sync signal is compared with a waveform of which the rising edge refers to the top of the 
horizontal oscillator signal. In the second loop, the phase of the flyback pulse is compared with 

another reference waveform, the timing of which is such that the top of the flyback pulse is situated 
symmetrically on the horizontal blanking internal of the video signal. Therefore the first loop can be 
designed for a good noise immunity, whereas the second loop can be as fast as desired for compensation 
of switch-off delays in the horizontal output stage. 


The first phase detector is gated with a pulse derived from the horizontal oscillator signal. This gating 
(slow time constant) is switched off during catching. Also, the output current of the phase detector 

is increased fivefold, during the catching time and VCR conditions (fast time constant). The first phase 
detector is inhibited during the retrace time of the vertical oscillator. 


The in-sync, out-of-sync or no video condition is detected by the video transmitter identification/coin- 
cidence detector circuit (pin 18). The voltage on pin 18 defines the time constant and gating of the 
first phase detector. The relationship between this voltage and the various switching levels is shown in 
Fig. 3. The complete survey of the switching actions is given in Table 1. 


Table 1 Switching levels at pin 18. 


voltage at first phase detector Pea” mute output | receiving conditions 
pin 18 | gating at pin 13 


| fast | on | off | on | off_ 


8.7 V 


So 

7.5V video signal detected 

7.5 to 3,5 V video signal detected 

3.5to 1.2 V video signal detected 

1,2 to 0.1 V noise only 

0.1 to 1.7 V | new video signal detected 

1,7 to 5.0 V horizontal oscillator locked 

VCR playback with mute function 

5.0to7.5V horizontal oscillator locked 


VCR playback without mute function 


Where: * = 3 vertical periods. 
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APPLICATION INFORMATION (continued) 


The stability of displayed video information (e.g. channel number), during noise only conditions, is 
improved by the first phase detector time constant being set to slow. 


The average voltage level of the video input on pin 5 during noise only conditions should not exceed 
5.5 V otherwise the time constant switch may be set to fast due to the average voltage level on pin 18 
dropping below 0.1 V. When the voltage on pin 18 drops below 100 mV a counter is activated which 
sets the time constant switch to fast, and not gated for 3 vertical periods. This condition occurs when 
a new video signal is present at pin 5. When the horizontal oscillator is locked the voltage on pin 18 
increases. Nominally a level of 5 V is reached within 15 ms (1 vertical period). The mute switching 
level of 1.2 V is reached within 5 ms (C1g = 47 nF). If the video transmitter identification circuit is 
required to operate under VCR playback conditions the first phase detector can be set to fast by 
connecting a resistor of 180 kQ between pin 18 and ground (see Fig. 7). 


The supply for the horizontal oscillator (pin 15) and horizontal output stage (pin 11) is derived from 
the voltage at pin 16 during the start condition. The horizontal output signal starts at a nominal 
supply current into pin 16 of 3.6 mA, which will result in a supply voltage of about 5.5 V (for 
guaranteed operation of all devices 14g > 4 mA). It is possible that the main supply voltage at pin 10 
is O V during starting, so the main supply of the IC can be taken from the horizontal deflection output 
stage. The start of the other IC functions depends on the value of the main supply voltage at pin 10. 
At 5.5 V all IC functions start operating except the second phase detector (oscillator to flyback pulse). 
The output voltage of the second phase detector at pin 14 is clamped by means of an internally 

loaded n-p-n emitter follower. This ensures that the duty factor of the horizontal output signal (pin 11) 
remains at about 65%. The second phase detector will close if the supply voltage at pin 10 reaches 

8.8 V. At this value the supply current for the horizontal oscillator and output stage is delivered by 
pin 10, which also causes the voltage at pin 16 to change to a stabilized 8.7 V. This change switches 
off the n-p-n emitter follower at pin 14 and activates the second phase detector. The supply voltage 
for the horizontal oscillator will, however, still be referred to the stabilized voltage at pin 16, and the 
duty factor of the output signal at pin 12 is at the value required by the delay at the horizontal 
deflection stage. Thus switch-off delays in the horizontal output stage are compensated. When no 
horizontal flyback signal is detected the duty factor of the horizontal output signal is 50%. 


Horizontal picture shift is possible by externally charging or discharging the 47 nF capacitor connected 
to pin 14. | 


The IC also contains a synchronized vertical oscillator/sawtooth generator. The oscillator signal is 
connected to the internal comparator (the other side of which is connected to pin 2), via an inverter 
and amplitude divider stage. The output of the comparator drives an emitter-follower output stage at 
pin 1. For a linear sawtooth in the oscillator, the load resistor at pin 3 should be connected to a voltage 
source of 26 V or higher. The sawtooth amplitude is not influenced by the main supply at pin 10. 

The feedback signal is applied to pin 2 and compared to the sawtooth signal at pin 3. For an economical 
feedback circuit with less picture bounce the sawtooth signal is internally pre-corrected by 6% (convex) 
referred to pin 2. The linearity of the vertical deflection current depends upon the oscillator signal at 
pin 3 and the feedback signal at pin 2. | 


Synchronization of the vertical oscillator is inhibited when the mute output is present at pin 13. 


To minimize the influence of the horizontal part on the vertical part a 6.7 V bandgap reference source 
is provided for supply and reference of the vertical oscillator and comparator. 


The sandcastle pulse, generated at pin 17, has three different voltage levels. The highest level (11 V) can 
be used for burst gating and black level clamping. The second level (4.6 V) is obtained from the 
horizontal flyback pulse at pin 12 and used for horizontal! blanking. The third level (2.5 V) is used for 
vertical blanking and is derived by counting the horizontal frequency pulses. For 50 Hz the blanking 
pulse duration is 21 lines and for 60 Hz it is 17 lines. The blanking pulse duration and sawtooth 
amplitude is automatically adjusted via the 50/60 Hz detector. 
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The IC also incorporates a vertical guard circuit, which monitors the vertical feedback signal at pin 2. 
If this level is below 3.35 V or higher than 5.15 V, the guard circuit will insert a continuous level of 
2.5 V into the sandcastle output signal. This will result in complete blanking of the screen if the 
sandcastle pulse is used for blanking in the TV set. 
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output current | 


(pin 8) 
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horizontal 
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Fig. 4 Timing diagram of the TDA2578A. 
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APPLICATION INFORMATION (continued) 
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(1) = 26 V for linear scan. 


Product Specification 


TDA2578A 


sandcastle pulse 


50/60 Hz identification Joudl L 


fy adj. 
(horizontal) vertical vertical 
feedback drive 


“4 
+26V !1) 7286901 


Fig. 5 Typical application circuit diagram; for application of the TDA2578A with the TDA3651 see 


Fig. 8. 
33K 
+12V 
to pin 180 K 
14 NS 47 OK 
TDA2578A 
= 7286900 


Fig. 6 Circuit configuration at pin 14 for 
phase adjustment. 
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1K 


ee 
to pin 
18 
180K 
TDA2578A a 


[10 nF | = 


7286166.1 


Fig. 7 Circuit configuration at pin 18 for 
VCR mode. 

1 k&2 resistor between pin 18 and + 12 V: 
without mute function. 

180 kQ. between pin 18 and ground: 
with mute function. 
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TDA3651 


5 


1 2 3 
10 nF 
[oe a 


6,8K 
VERTICAL 
vertical drive 330 DEFLECTION 
(from pin 1 TDA2578A) COILS 
AT1236/20 


8.2K 
47K +26V 
1K linearity . 
1.8K 27 
vertical feedback shift ” ‘ 
(pin 2 TDA2578A) 3.9 nF = 6.8yF w, 1000KF 7286902 
‘ (16 V) 
T 27k 
100 1,2 
amplitude 


Fig. 8 Typical application circuit diagram of the TDA3651 (vertical output); when used in combination 
with the TDA2578A, (90° application). 
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Sync Circuit with Vertical Oscillator and Driver 


(with Horizontal Output) 


DESCRIPTION 

The TDA2579 is a synchronization cir- 
cuit with synchronized vertical divider 
system and horizontal and vertical out- 
put stages. 


FEATURES 

e Horizontal sync. separator and 
noise inverter 

e Horizontal oscillator 

e Horizontal output stage 

e Horizontal phase detector (sync. 
to oscillator) 

e Slow phase detector time 
constant and gated sync. pulse 
operation are automatically 
switched on by an internal sync. 


pulse noise level detection circuit 


Siow time constant for noise 
only conditions 


Time constant externally 
switchable 


Sandcastle pulse generator 

(3 levels) 

Stabilizer and supply circuit for 
starting the horizontal oscillator 
and output stage directly from 

the main's rectifier. 


The duty cycle of the horizontal 
output pulse is 50% when the 
horizontal flyback pulse is 
absent. 


e Vertical synchronization pulse 
separator without external 
components and 2 integration 
times. 


e Zener diode reference voitage 
source for the vertical sawtooth- 
generator and vertical 
comparator. 


50/60 Hz detection system 


50/60 Hz identification output 
combined with mute function. 


e Automatic amplitude adjustment 
for 50Hz and 60Hz 


e Automatic adjustment of blanking 
pulse duration in 50Hz: 42 
clockpulses; 60Hz: 34 clockpulses 

e Guard circuit which generates 
the frame blanking level on the 
sandcastle output pin 17 when 
the feedback level at pin 2 is 
not within the specified limits 
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Advance Information 


TDA2579 


APPLICATIONS 
e Video monitors 


e Graphics 
e Color printers 
e TV receivers 
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Sync Circuit with Vertical Oscillator and Driver | T9879 
(with Horizontal Output) _ eres 


ORDERING CODE 


vy 


a 
toa2s79 =| 8, Plastic DIP SOT-102HE 


PINS 
REFERENCE DATA 


Min. required current for starting horizontal oscillator + output stage, Ipin 16 | os fm 
Main supply voltage, Vpin 10 . 12 V 
Supply current, lpin 10 typ 65 mA 
Sync. pulse input amplitude, Vpin 5-app . 


port | 
Horizontal output (open collector) Ipin 11-40MA, Vpin 11 a ee 
Vertical output stage driver (emitter follower) Ipin 1-1.5MA, Vpin 11 ae ae ae 
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Sync Circuit with Vertical Oscillator and Driver IDA2579 
(with Horizontal Output) | 


BLOCK DIAGRAM 


SANDCASTLE 
OUTPUT 


VERTICAL 
BLANKING 
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TV TRANSM. 


SYNC PULSE OSCILLATOR 
NOISE LEVEL 

DETECTOR | 

VERTICAL 
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+12V 


5 
HORIZONTAL 
SYNC p 
$ SernNTOn FLYBACK 
PULSE 


Hl el NOISE 


TO PIN 16 
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MODULATOR 


HORIZONTAL 
OUTPUT HORIZONTAL 


DRIVE 


TOO LOW 
PIN 16 
CURR. PROT. 
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Horizontal Combination | | | ~ TDA2593 


The TDA2593 is a monolithic integrated circuit intended for use in colour television receivers in com- 
bination with TDA2510, TDA2520, TDA2560 as well as with TDA3500, TDA3510 and TDA3520. 
The circuit incorporates the following functions: 


— horizontal oscillator based on the threshold switching principle 

— phase comparison between sync pulse and oscillator voltage (y4) 

— internal key pulse for phase detector (y1) (additional noise limiting) 

— phase comparison between line flyback pulse and oscillator voltage (v9) 

— larger catching range obtained by coincidence detector (3; between sync and key pulse) 
— switch for changing the filter characteristic and the gate circuit (VCR-operation) 

— sync separator 

noise separator 

— vertical sync separator and output stage 

colour burst keying and line flyback blanking pulse generator 

— phase shifter for the output pulse 

— output pulse duration switching 

— output stage with separate supply voltage for direct drive of thyristor deflection circuits 
— low supply voltage protection 


QUICK REFERENCE DATA 


Supply voltage V1-16 typ. 12 V 
Supply current ly typ. 30 mA 
Input signals 
Sync separator input voltage (peak-to-peak value) V9.16(p-p) 3to4 V 
Noise separator input voltage (peak-to-peak value) V10-16(p-p) 3to4 V 
Pulse duration switch input voltage 
at t= 7 us (thyristor driving) V4-16 9.4toV1.16 V 
at t= 14 us + tq (transistor driving) V4-16 0to3.5 V 
at t = 0 (input 4 open or V3.16 = 0) V4-16 5.4 to6.6 V 
Output signals 
Vertical sync output pulse (peak-to peak value) V8-16(p-p) typ. 11 V 
Burst gating output pulse (peak-to-peak value) V7-16(p-p) typ. 11 V 
Line drive pulse (peak-to-peak value) V3-16(p-p) typ. 10.5 V 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT-38). 
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Fig. 1. Block diagram. 
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Signetics Linear Products Product Specification 


Horizontal Combination | TDA2593 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage 


at pin 1 (voltage source) V1-16 max. 13.2 V 

at pin 2 | V9.16 max. 18 V 
Voltages 
Pin 4 | V4-16 max. 13.2 V 
Pin 9 +V9.16 max. 6 V 
Pin 10 +V10-16 max. 6 V 
Pin 11 V11-16 max. 13.2 V 
Currents 
Pins 2 and 3 (thyristor driving) (peak value) lom.—l3m max. 650 mA 
Pins 2 and 3 (transistor driving) (peak value) lom.—l3m max. 400 mA 
Pin 4 l4 max. 1 mA 
Pin 6 +g max. 10 mA 
Pin 7 —|7 max. 10 mA 
Pin 11 144 max. 2 mA 
Total power dissipation Prot max. 800 mW 
Storage temperature Testy —25 to+ 125 OC 
Operating ambient temperature Tamb —20to +70 °C 


CHARACTERISTICS at V4.146 = 12 V; Tamb = 25 OC; measured in Fig. 1 
Sync separator 


Input switching voltage V9.16 typ. 0.8 V 

Input keying current lg 5 to 100 vA 
Input leakage current at Vg.1g = —5 V Ig < 1 yA 
Input switching current lg < 5 pA 
Switch off current lg a te ‘ - 
Input signal (peak-to-peak value) V9-16(p-p) 3to4 V* 


* Permissible range 1 to 7 V. 
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Horizontal Combination 


Noise separator 
Input switching voltage 
Input keying current 


Input switching current 


Input leakage current at V10.76 = —5 V 
Input signal (peak-to-peak value) 


Permissible superimposed noise signal (peak-to-peak value) 


Line flyback pulse 
Input current 


Input switching voltage 
Input limiting voltage 


Switching on VCR 
Input voltage 


Input current 


Pulse duration switch 

For t= 7 us (thyristor driving) 

Input voltage 

Input current 

For t= 14 us + tg (transistor driving) 
Input voltage 

Input current 

For t = 0; V3.16 = 0 or input pin 4 open 
Input voltage 

Input current 


* Permissible range 1 to 7 V. 
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V10-16 
l10 


110 
l10 


V10-16(p-p) 
V10-16(p-p) 


Product Specification 
TDA2593 
typ. 1.4 V 
5to 100 pA 
> 100 pA 
typ. 150 wA 
< 1 uA 
3to4 V* 
< 7 V 
typ. 1 mA 
0.02 to2 mA 
typ. 1.4 V 
—0.7 to+ 1.4 V 
0to2.5 V 
9toV1.16 V 
< 200 yA 
< 2 mA 
9.4 to V1.16 V 
> 200 vA 
0to3.5 V 
> 200 pwA 
5.4to6.6 V 
typ. O pA 
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Horizontal Combination TDA2593 


Vertical sync pulse (positive-going) 


> 10 V 
Output voltage (peak-to-peak value) V8-16(p-p) ib: 11V 
Output resistance Rg typ. 2 kQ 
Delay between leading edge of input and output signal ton typ. 15 ps 
Delay between trailing edge of input and output signal toff typ. ton US 
Burst gating pulse (positive-going) 
> 10 V 
Output voltage (peak-to-peak value) V7.16(p-p) fis 11 V 
Output resistance R7 typ. 70 QQ 
ane _ typ. | 4 us 
Pulse duration; V7.46 = 7 V tp 3.7 to 4.3 ps 
Phase relation between middle of sync pulse at the input ae 2.65 ps 
and the leading edge of the burst gating pulse; V7.7g=7V t 2.15 to 3.15 ps 
Output trailing edge current I7 typ. 2 mA 
Line flyback-blanking pulse (positive-going) 
Output voltage (peak-to-peak value) V7-16(p-p) 4to5 V 
Output resistance R7 typ. 70 Q 
Output trailing edge current I7 typ. 2 mA 
Line drive pulse (positive-going) 
Output voltage (peak-to-peak value) V3-16(p-p) typ. 10.5 V 
Output resistance 
for leading edge of line pulse R3 typ. 2.5 2 
for trailing edge of line pulse R3 typ. 20 Q 
Pulse duration (thyristor driving) 
= typ. 7 sows 
V4.16 = 9.4 to V1.16 V 'p 5.5 to 8.5 ms 
Pulse duration (transistor driving) 

7 V4.16 = 0 to 4 V; tp = 12 us tp 14+ tq ms" 
Supply voltage for switching off the output pulse V1-16 typ. 4V 
Overall phase relation 
Phase relation between middle of sync pulse 

and the middle of the flyback pulse t typ. 2.6 ps** 
Tolerance of phase relation | At | < 0.7 us 


* 


tg = switch-off delay of line output stage. 
** Line flyback pulse duration tp = 12 ps. 
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The adjustment of the overall phase relation and consequently the 
leading edge of the line drive pulse occurs automatically by phase 


control y9. 

lf additional adjustment is applied it can be arranged by current 

supply at pin 5 such that Als/At typ. 30 wA/ps 
Oscillator 

Threshold voltage low level V14-16 typ. 44 Vv 
Threshold voltage high level V 14-16 typ. 7.6 V 
Discharge current +144 typ. 0.47 mA 
Frequency; free running (Cosc = 4.7 nF; 

Rosc = 12 kQ) fo typ. 15.625 kHz 
Spread of frequency Afo/fo < +5 %* 
Frequency control sensitivity Af,/Ali5 ‘typ. 31 Hz/uA 
Adjustment range of network in circuit (Fig. 1) Afo/fo typ. +10 % 

Afo/fo 
Influence of supply voltage on frequency ————— << +0.05 %* 
AV/Vnom 
Change of frequency when V1.16 drops to 5 V Afy < +10 %* 
Temperature coefficient of oscillator 

frequency < +10°* Hz/K* 
Phase comparison 1 
Control voltage range V 13-16 3.8 to 8.2 V 
Control current (peak value) + l43m 1.9 to 2.3 mA 
Output leakage current 

at V13.16 =4to8V 143 < 1 wA 
Output resistance . 

at V13-16 = 4 to 8 V R43 high ohmic =—_ ** 

at V 13-16 <3.8 Vor>8.2 V R413 low ohmic A 
Control sensitivity typ. 2 kHz/ps 
Catching and holding range (82 kQ2 beteeen 

pins 13 and 15) Af typ. + 780 Hz 
Spread of catching and holding range A(Af) typ. +10 %* 


* Excluding external component tolerances. 


** Current source. 
4 Emitter follower. 
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Phase comparison 2 and phase shifter 
Control voltage range 
Control current (peak value) 


Output resistance 
at V5.16 = 5.4 to 7.6 V 
at V5.16 < 5.4 V or > 7.6 V 


Input leakage current 
V5-16 = 5.4 to 7.6 V 


Permissible delay between leading edge of output 


pulse and leading edge of flyback pulse (tfp = 12 us) 


Static control error 


Coincidence detector »3 
Output voltage 


Output current (peak value) 
without coincidence 
with coincidence 


Time constant switch 
Output voltage 
Output current (limited) 


Output resistance 
at V41.16 = 2.5 to7 V 
at V11-16 < 1.5 Vor >9V 


Internal gating pulse 
Pulse duration 


* Current source. 
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TDA2593 


5.4t0 7.6 V 
typ. 1 mA 


high ohmic . 


typ. 8 kid 
< 5 pA 
< 15 ws 
< 0.2 % 
0.5 to6 V 
typ 0.1 mA 
typ 0.5 mA 
typ. 6 V 
< 1 mA 
typ 0.1 kQ 
typ 60 kQ 
typ. 7.5 ps 
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Horizontal Combination TDA2594 


The TDA2594 is a monolithic integrated circuit intended for use in colour television receivers. 
The circuit incorporates the following functions: 


® Horizontal oscillator based on the threshold switching principle. 

Phase comparison between sync pulse and oscillator voltage (4). 

Internal key pulse for phase detector (1) (additional noise limiting). 

Phase comparison between line flyback pulse and oscillator voltage (yp). 

Larger catching range obtained by coincidence detector (3; between sync and key pulse). 
Switch for changing the filter characteristic and the gate circuit (VCR-operation). 

Sync separator. 

Noise separator. 

Vertical sync separator and output stage. 

Colour burst keying and line flyback blanking pulse generator and clamp circuit for vertical blanking. 
Phase shifter for the output pulse. 

Output pulse duration for transistor deflection systems. 

External switching off of the line trigger pulse. 

Output stage with separate supply voltage. 

Low supply voltage protection. 

Transmitter identification and muting circuit, and vertical sync switch-off. 


QUICK REFERENCE DATA 


Supply voltage V1-18=Vs_ typ. 12 V 
Supply current I 4 typ. 30 mA 
Input signals 
sync separator input voltage (peak-to-peak value) V4 1-18(p-p) typ. 3 \V* 
Noise separator input voltage (peak-to-peak value) V12-1 8(p-p) _‘tYP- 3 V* 
Pulse duration switch input voltage 
at t= 14 us + tq (transistor driving) V4-18 Oto 3.5 V 
at t = 0 (V3.4 = 0); input 4 open (Iq = 0) V4-18 5.4 to 6.6 V 
Output signals 
Vertical sync output pulse (peak-to-peak value) V8-18(p-p) typ. 11 V 
Burst key output pulse (peak-to-peak value) V7-18(p-p) typ. 11 V 
Line drive-pulse (peak-to-peak value) V3-18(p-p) typ. 10 V 


a nner 


* Permissible range: 1 to 7 V. 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT-102DS). 
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Horizontal Combination 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage 
at pin 1 (voltage source) 
at pin 2 


Voltages 
Pin 4 
Pin 9 


Pin 11 
Pin 12 
Pin 13 


Currents 
Pins 2 and 3 (transistor driving) (peak value) 


Pin 4 

Pin 6 

Pin 7 

Pin 9 

Pin 13 

Total power dissipation 
Storage temperature range 


Operating ambient temperature range 


V1-18= Vs 
V2.18 


V4-18 
V9.18 
—V9.18 
+V11-18 
+V12-18 
V 13-18 


lom-—!3mM 
4 

tlg 

—I7 

Ig 

113 

Prot 

T stg 
Tamb 


CHARACTERISTICS at V1.49 = 12 V; Tamb = 25 OC; measured in Fig. 1 


Sync separator (pin 11) 

Input switching voltage 

Input keying current 

Input leakage current at V11.49 = —5 V 
Input switching current 


Switch off current 


Input signal (peak-to-peak value) 


* Permissible range 1 to 7 V. 


V11-18 
114 
11 
114 


114 


V11-18(p-p) 


Product Specification 


TDA2594 
max. 13.2 V 
max. 18 V 
max. 13.2 V 
max. 18 V 
max. 0.5 V 
max. 6 V 
max. 6 V 
max 13.2 V 
max 400 mA 
max. 1 mA 
max. 10 mA 
max. 5 mA 
max. 10 mA 
max. 2 mA 
max. 800 mW 
—25 to +125 °C 
—20to +70 °C 
typ. 0.8 V 
5 to 100 uA 
< 1 pA 
< 5 pA 
Zz 100 vA 
typ. 150 wA 
3to4 V* 
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Noise separator (pin 12) 
Input switching voltage 
Input keying current 


Input switching current 


Input leakage current at V19.14g9=—5 V 

Input signal (peak-to-peak value) 

Permissible superimposed noise signal (peak-to-peak value) 
Line flyback pulse (pin 6) 

Input current 


Input switching voltage 
Input limiting voltage 
Switching on VCR (pin 13) 
Input voltage 


Input current 


Pulse switching off (pin 4) 

For t = 0; input pin 4 open or V3.48=0 
Input voltage 

Input current 

Vertical sync pulse (positive-going) (pin 8) 
Output voltage (peak-to-peak value) 


Output resistance 

Delay between leading edge of input and output signal 
Delay between trailing edge of input and output signal 
Switching off the vertical sync pulse 


Burst key pulse (positive-going) (pin 7) 
Output voltage 


Output resistance 


Pulse duration; V7.7g=7V 


Phase relation between middle of sync pulse at the input 
and the leading edge of the burst key pulse; V7.4g=7V 


Output trailing edge current 
Saturation voltage during line scan 


* Permissible range 1 to 7 V. 
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Or: 


V12-18 
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12 


V12-18(p-p) 
V12-18(p-p) 


—l13 
13 


V4-18 
lq 


V8-18 (p-p) 
Rg 


Product Specification 


TDA2594 
typ. 14 V. 
5 to 100 uA 
2S 100 vA 
typ. 150 yA 
< 1 LA 
3to4 V* 
< 7V 
z 0.02 mA 
typ. 1 mA 
typ. 1.4 V 
—0.7 to +1.4 V 
0to2.5 V 
9toVs V 
< 200 vA 
< 2 mA 
5.4to6.6 V 
typ. | O vA 
2 10 V 
typ. 11 V 
typ. 2 kQ 
typ. 15 ps 
z ton MS 
< 3 V 
Zz 10 V 
typ. 11 V 
typ. 70 Q2 
typ. 4 wus 
3.7 to 4.3 us 
typ. 2.65 us 
2.15 to 3.15 ps 
typ. 2 mA 
< 1V 
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Line flyback-blanking pulse (positive-going) (pin 7) 


Output voltage V7.18 4.1to4.9 V 
Output resistance R7 typ. 70 QQ 
Output trailing edge current I7 typ. 2 mA 


Field flyback/blanking pulse (pin 7) 


Output voltage with externally forced in current 
I7=2.4 to 3.6 mA V7.18 2to3 V 


Output resistance at 17 =3 mA R7 typ. 70 X 


TV-transmitter identification output (pin 9; open collector) 


Output voltage at lg = 3 mA; no TV-transmitter V9.18 < 0.5 V 
Output resistance at lg = 3 mA; no TV-transmitter Ro < 100 2 
Output current at V19.18 = 3 V; TV-transmitter identified lg < 5 uA 
TV-transmitter identification (pin 10) 
When receiving a TV signal the voltage V109.7g will change from <1 V to>7 V. 
Line drive pulse (positive-going) 
Output voltage (peak-to-peak value) V3-18(p-p) typ. 10 V 
Output resistance 
for leading edge of line pulse R3 typ. 2.5 QQ 
for trailing edge of line pulse R3 typ. 20 2 
Pulse duration (transistor driving) 
V4.1g = 0 to 3.5 V; —lq 2 200 vA; tfp = 12 us ty 14+ tq us* 
Supply voltage for switching off the output pulse V1-18 typ. 4V 


Overall phase relation 


Phase relation between middle of sync pulse 
and the middle of the flyback pulse At typ. 2.6+0.7 yws** 


The adjustment of the overall phase relation and consequently the leading edge of the line drive pulse 
occurs automatically by phase control 9. 


If additional adjustment is applied it can be arranged by current supply at pin 5, such that: 
Supplying current Al/At typ. 30 wA/us 


* tq = switch-off delay of line output stage. 
** Line flyback pulse duration tftp = 12 ps. 
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Oscillator (pins 16 and 17) 


Threshold voltage low level V16-18 typ. 4.4 V 
Threshold voltage high level V16-18 typ. 76 V 
Charging current +146 typ. 0.47 mA 
Frequency; free running (Cog¢ = 4.7 NF; Rogge = 12 kQ) fo typ. 15.625 kHz 
Spread of frequency Afo < +5 %M 
Frequency control sensitivity Afo/A17 typ. 31 Hz/uA 
Adjustment range of network in circuit (Fig. 1) Afo typ. +10 % 
Afo/fo 
Influence of supply voltage on frequency; reference at Vs = 12 V AVIVnn < +0.05 %4 
nom 


Change of frequency when Vs drops to 5 V; reference at 


Vg=12V Afo < +10 %M 
Temperature coefficient of oscillator frequency TC < +107 K14 
Phase comparison 11 (pin 15) 

Control voltage range V15-18 4.1t079 V 
Control current (peak value) =l15M 1.8 to 2.2 mA 
Output leakage current 

at V15-18 = 4.3 to7.7V 15 < 1 pA 
Output resistance 

at V145-18 = 4.3 to 7.7 V R13 high ohmic = * 

at V15.189<4.1 Vor27.9 V R43 low ohmic ae 
Control sensitivity typ. 2 kHz/ys 
Catching and holding range (82 kQ. between pins 15 and 17) Af typ. +680 Hz 
Spread of catching and holding range A(Af) typ. +12 %M 
Phase comparison v9 and phase shifter (pin 5) 

Control voltage range V5-18 5.410 7.6 V 

Control current (peak value) +l5u typ. 1 mA 

Output resistance at V5.74g = 5.4 to 7.6 V Rs high ohmic = * 

Input leakage current at V5.48 = 5.4 to 7.6V I5 < 5 uA 
_ Permissible delay between leading edge of output 

pulse and leading edge of flyback pulse (tf = 12 us) tg < 15.5 ys 
Static control error At/Atg < 0.2 % 
Coincidence detector 3 (pin 13) 

Output voltage V 13-18 0.5to6 V 
Output current (peak value) 

without coincidence 143M typ. 0.1 mA 

with coincidence —l13M typ. 0.5 mA 


* Current source. 
** Emitter follower. 
4 Excluding external component tolerances. 
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Time constant switch (pin 14) 
Output voltage 
Output current (limited) 


Output resistance 
at V13.18=3.5to7V 
at V13.19S2.5 Vor29 V 


Internal keying pulse 
Pulse duration 


8-207 


V14-18 
+114 


typ. 
typ. 


typ. 
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1 mA 


0.1 k&2 
60 kQ2 
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GENERAL DESCRIPTION 


The TDA2595 is a monolithic integrated circuit intended for use in colour television receivers. 
The circuit incorporates the following functions: 


@ Positive video input; capacitively coupled (source impedance < 200 &) 

@ Adaptive sync separator; slicing level at 50% of sync amplitude 

@ internal vertical pulse separator with double slope integrator 

@ Output stage for vertical sync pulse or composite sync depending on the load; both are switched 

off at muting 

4 phase control between horizontal sync and oscillator 

Coincidence detector y3 for automatic time-constant switching; overruled by the VCR switch 

@ Time-constant switch between two external time-constants or loop-gain; both controlled by the 
coincidence detector »3 

@ 1 gating pulse controlled by coincidence detector »3 

@ Mute circuit depending on TV transmitter identification 

® 2 phase control between line flyback and oscillator; the slicing levels for yo control and horizontal 
blanking can be set separately 

@ Burst keying and horizontal blanking pulse generation, in combination with clamping of the 
vertical blanking pulse (three-level sandcastle) 

@ Horizontal drive output with constant duty cycle inhibited by the protection circuit or the supply 
voltage sensor 

e@ Detector for too low supply voltage 

@ Protection circuit for switching off the horizontal drive output continuously if the input voltage 
is below 4 V or higher than 8 V 

@ Line flyback control causing the horizontal blanking level at the sandcastle output conunueusly in 
case of a missing flyback pulse 

@ Spot-suppressor controlled by the line flyback control 


QUICK REFERENCE DATA 


Supply voltage (pin 15) V15-5 = Vp typ. 12 V 
Sync pulse amplitude (positive video) Vi(p-p) min. 50 mV 
Horizontal output current Ig max. 30 mA 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT-102CS). 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage (pin 15) 


Voltages at: 
pins 1, 4 and 7 


pins 8, 13 and 18 
pin 11 (range) 
Currents at: 


pin 1 


pin 2 (peak value) 


pin 4 


pin 6 (peak value) 


pin 7 


pin 8 (range) 
pin 9 (range) 


pin 18 


Total power dissipation 
Storage temperature range 
Operating ambient temperature range 
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V15-5 = Vp 


V1:4:7-5 
V8:13:18-5 
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TDA2595 
max. 13.2 V 
max. 18 V 
max. Vp V 
—O0.5to+6 V 
max. 10 mA 
max. 10 mA 
max. 100 mA 
max. 6 mA 
max. 10 mA 
—5 to+1 mA 
—10 to+3 mA 
max. 10 mA 
max. 800 mW 
—25 to+ 125 OC 
—20to+70 9C 
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CHARACTERISTICS 
Vp = 12 V; Tamb = 25 OC; measured in Fig. 1; unless otherwise specified 


[owen emt [in [om [ome [on 


Composite video input and 
sync separator (pin 11) 
(internal black level determination) 


Input signal (positive video; 
standard signal; peak-to-peak value) 


V11-5(p-p) 


Sync pulse amplitude 
(independent of video content) 


V 11-5(p-p) 


Generator resistance RG 


[Input current during: 


video 111 
sync pulse —l414 
black level —144 


Composite sync generation (pin 10) 
horizontal slicing level at 50% 
of the sync pulse amplitude 


Capacitor current during: 
video 


sync pulse 


Vertical sync pulse generation 
slicing level at 25% (50% between 
black level and horizontal slicing 
level); pin 9 


Output voltage 


Pulse duration 


Delay with respect to the vertical 
sync pulse (leading edge) 


Pulse-mode control 
output current for vertical sync 
pulse (dual integrated) 


no current applied 

at pin [i | 
current applied viaa 
resistor of 15 kQ2. from 
Vp to pind 


output current for horizontal and 
vertical sync pulse 
(non-integrated separated signal) 
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Horizontal oscillator 
(pins 14 and 16) 


Frequency; free running 
Reference voltage for fog¢ 
Frequency control sensitivity 
Adjustment range of circuit Fig. 1 
Spread of frequency 


Frequency dependency (excluding 
tolerance of external components) 


with supply voltage (Vp = 12 V) 


with supply voltage drop of 5 V 
with temperature 


Capacitor current during: 
charging 


discharging 


Sawtooth voltage timing (pin 14) 
rise time 


fall time 


Horizontal output pulse (pin 4) 
Output voltage LOW at Il4 = 30 mA 
Pulse duration (HIGH) 


Supply voltage for switching off | 
the output pulse (pin 15) 


September 1985 


fose ™ 
V14-5 = 
Afose/Al 14 a 
Afose a 
Afoce 5 
Afosc/fose _ 
AV 145.5/V 15-5 
Afose 10 
+ 10-4 
0.5 
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CHARACTERISTICS (continued) 


[romero om [ve ome ome 


Phase comparison v4 (pin 17) 


Control voltage range 


Leakage current 
at V17.5 = 3.55 to 8.3 V 


Control current for external! 
time-constant switch 


Control current at V19.5 = V15.5 
and V43.5 <2 Vor V13.5>9.5 V 


Control current at V19.5 = V45-5 
and V143.5 =2to9.5V 


Horizontal oscillator control 
control sensitivity 
catching and holding range 


spread of catching and holding 
range 


Internal keying pulse 
at V13.5 =2.9 to9.5 V 


Time-constant switch 
slow time-constant at 


fast time-constant at 


Impedance converter offset voltage 
(slow time-constant) 


Output resistance 
slow time-constant 


fast time-constant 


Leakage current 
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a ee 


Coincidence detector 3 (pin 13) 


Output voltage 
without coincidence with 
composite video signal 


without coincidence without 
composite video signal (noise) 


with coincidence with 
composite video signal 


Output current 
without coincidence with 
composite video signal 


with coincidence with 
composite video signal 


Switching current 
at V13.5 = Vp —0.5V 
at V73.5 = 0.5 V (average value) 


Phase comparison 9 (pins 2 and 3) 
(see note 1) 


Input for line flyback pulse (pin 2) 
Switching level for yo comparison 


Switching level for horizontal 
blanking and flyback control 


Input voltage limiting 


Switching current 
at horizontal flyback 


at horizontal scan 


Phase detector output (pin 3) 
Control current for yo 
Control range 

Static control error 

Leakage current 
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ee oe 


Phase comparison 9 (pins 2 and 3) 
(continued) 


Phase relation between middle of the 
horizontal sync pulse and the 
middle of the line flyback pulse 
at tfp = 12 us (note 2) : : — US 
If additional adjustment is 
required, it can be arranged by 
applying a current at pin 3, 
such that for applied current: — LA/us 


Burst gating pulse (pin 6; note 3) 
Output voltage — V 
Pulse duration : 4.3 us 


Phase relation between middle of 
sync pulse at the input and the 
leading edge of the burst gating 
pulse at V6.5 =7 V 3.15 Ms 


Output trailing edge current — mA 


Horizontal blanking pulse (pin 6) 
(note 3) 


Output voltage ; : 4.9 V 
Output trailing edge current — mA 


Saturation voltage at 
horizontal scan 0.5 V 


Clamping circuit for vertical 
blanking pulse (pin 6; note 3) 


Output voltage at Ig = 2.8 mA ; 3 V 


Minimum output current 
at V6.5 > 2.15 V : = mA 


Maximum output current 
at V6.5 <3 V ; _ mA 


TV-transmitter identification 
(pin 12) 


Output voltage | 
no TV transmitter 1 V 


TV transmitter identified — V 
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parameter | symbol | min. | typ, | max. | uit | 


Mute output (pin 7) 


Output voltage at 17 =3 mA 
no TV transmitter 


Output resistance at 7 =3 mA 
no TV transmitter 


Output leakage current 
at V49.5>3V 
TV transmitter identified 


Protection circuit (beam-current/ 
EHT voltage protection) (pin 8) 


No-load voltage for lg = 0 
(operative condition) 


Threshold at positive-going voltage 
Threshold at negative-going voltage 


Current limiting 
for Vg.5=1to8.5V 


Input resistance for Vg.5 > 8.5 V 


Response delay of threshold switch 


Control output of line flyback 
pulse control (pin 1) 


Saturation voltage at standard 
operation; ly =3 mA 


Output leakage current 
in case of break in transmission 


Notes to the characteristics 


1. Phase comparison between horizontal oscillator and the line flyback pulse. Generation of a phase 
modulated (y9) horizontal output pulse with constant duration. 


2. tfp is the line flyback pulse duration. 
3. Three-level sandcastle pulse. 
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GENERAL DESCRIPTION 


The SAA1043 generates the synchronizing waveforms required in all types of video source equipment 
(video cameras, film-scanners, video games, computer displays and similar applications). The device 

is programmable to suit standards SECAM 1, SECAM 2, PAL/CCIR, NTSC 1, NTSC 2, and PAL-M; the video 
game 624 and 524-line standards; and can be synchronized to an external sync signal. Inputs and 

outputs are CMOS compatible. 


Features 

Programmable to eight standards 

Horizontal frequency manipulation for application in non-standard systems 
Oscillator functions with LC or crystal elements 

Additional outputs to simplify camera signal processing 

Can be synchronized to an external sync signal 

Vertical reset for fast vertical lock 

Subcarrier lock in combination with subcarrier coupler SAA 1044 


Very low power consumption 


QUICK REFERENCE DATA 


Supply voltage range (pin 28) VpD 5,7 to7,5 V 
Supply current (quiescent) IDpD max. 10 pA 
Oscillator frequency fosci max. 5,1 MHz 


PACKAGE OUTLINE 
28-lead DIL; plastic (SOT-117). 
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Fig. 2 Pinning diagram. 


PINNING 


1 


ECS 


WMP 


CLP 


Product Specification | 


SAA‘1043 


burst flag/chroma blanking (SECAM) output 


PAL identification output 


set identification input (SECAM, PAL, PAL-M) 
400 Hz (PAL); 360 HZ (NTSC, PAL-M) and 


4/3 (SECAM) 

standard programming input 
standard programming input 
standard programming input 
80 x fy output (1,25 MHz) 
VCR standard input 

oscillator output 

oscillator input 

phase detector output 
no-sync detector output 
negative supply voltage (ground) 
external composite sync input 
vertical identification output 
white measurement pulse output 
vertical reset input 

vertical drive output 

vertical drive output 

clamp pulse output 

2 x fy input/output 
horizontal drive output 
horizontal drive output 
composite blanking output 
composite sync output 
SECAM identification output 
positive supply voltage 
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FUNCTIONAL DESCRIPTION 
Sync pulse generation 
Programming of operating standard 


The standard required for operation is programmed using the inputs X, Y and FD as shown in Table 1. 
The FD input selects 525 or 625-line working of the vertical counter (524 or 624-lines for video game 
standards) and also influences the choice of oscillator frequency as shown in Table 2. 


FD 


SECAM 2 
624 
PAL/CCIR 
NTSC 1 


Table 1 Programming of operating standard 
NTSC 2 
524 


PAL-M 


SECAM 1 
positive logic: 1 = HIGH; 0=LO 


iahuaaiaieidiae 
=-=- = © Oo —- = CO OO 


Oscillator 


The built-in oscillator of the SAA 1043 functions with an external LC-circuit (Fig. 3) or with a crystal 
of the parallel resonance type (Fig. 4). For operation in the VCR mode the LC oscillator circuit is 
recommended. The frequencies required for the operating standards are shown in Table 2. 


vertical vertical fre- horizontal fre- 
divider (FD) | quency (fy) Hz quency (f,4) Hz 


0 7 50 15625 


Table 2 Oscillator input frequencies 


Operating 
standard 


PAL, SECAM, 624 


osc. frequency 


NTSC, PAL-M, 524 5,034964 1 59,94 15734,26 
PAL, SECAM, 624 2,5 H2 (pin 24) | 50 15625 
NTSC, PAL-M, 524 2,501748 H1 (pin 23) | 59,94 15734,26 


SAA1043 


7Z87661 


(1) Component values can be calculated from the formula fog = 1/2m/LCy where Cy = C/2 + Cy and 
Cy = parasitic capacitance of typically 5 pF. 


Fig. 3 LC oscillator circuit. 
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(1) Catalogue number of crystal: 8222 298 40760. 
(2) All inputs not shown are at Vss. 


Fig. 4 Crystal oscillator circuit showing test set-up for 
oscillator frequency measurement. 


Synchronization to an external sync signal 


SAA1043 


Use is made of the phase comparator output PH to lock the internally generated sync pulses to an 
external sync signal. Reset pulses derived at each falling edge of the external sync signal (ECS) reset the 
the sync counter which is clocked at the internal horizontal frequency by the horizontal counter. At 
each horizontal scan period the sync counter opens the sync pulse gate and allows the ECS to be 
applied to the phase comparator where it is compared with the phase of the internally generated 
horizontal sync pulse. When the two signals are in phase the output PH is in a high impedance state. 
When a phase difference exists PH is pulled towards Vpp or Vsg depending on the direction of the 


error (Fig. 5). The phase-analogue voltage on PH is used to correct the frequency at OSCI viaa 


voltage-controlled oscillator and null the phase error between internal and external signals. Pulses 
occurring on the ECS outside of the sync pulse gating time (serration and equalization pulses) do not 


effect the phase comparator. 


0 phase error (faa) 


Fig. 5 Phase comparator characteristic. 
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FUNCTIONAL DESCRIPTION (continued) 
Synchronization to an external sync signal (continued) 


The circuit will lock to standard and non-standard sync signals. With standard signals the resetting of 
the sync counter is permitted after 3/4 of the horizontal scan period and if one reset pulse is missed 
the next pulse will reset the counter. With non-standard signals a narrow reset window is imposed to 
avoid disturbances which would otherwise be visible on the screen during vertical blanking time. The 
width of this window is 64 — 15,2 < reset time < 64 + 15,2 us. If a reset pulse does not occur within 
this window the same window timing is specified for the next horizontal scan. 


A no-sync signal is generated by the sync pulse gate if the sync counter is not reset from the ECS. The 
no-sync signal (NS) occurs 6,4 us after the time of the missing reset pulse. 


Detection of the vertical sync in the ECS is performed using a double sampling method which minimizes 
detection failures. Vertical lock is performed by comparing the internal vertical syne with a pulse 
derived from the ECS and using the result to modify the period of the vertical counter. This is achieved 
by manipulating the DL (2 x f,4) input to the vertical counter via the addition/subtraction 

logic. The DL pulses are added or suppressed to bring the circuit into lock in the shortest possible time; 
the direction taken is determined by a logic decision based on the half picture in which the ECS derived 
pulse occurred. 


Use in non-standard systems 


For systems requiring a non-standard horizontal frequency the number of horizontal scans per picture 
can be manipulated using the open drain input/output DL. The addition or suppression of pulses 
during the high ohmic period of DL modifies the vertical counter value. The suppression of two DL 
pulses per half picture will give one extra horizontal scan and the addition of two DL pulses will 
remove one horizontal scan from the half picture (see Fig. 6). 


H1 l l ] 


7287664 


(1) Normal waveform at DL; fp, = 2 x fy. 


(2) Waveform at DL with two pulses suppressed increases the number of horizontal scans per half 
picture by 1. 


(3) Waveform at DL with two additional pulses decreases the number of horizontal scans per half 
picture by 1. 


Fig. 6 Manipulation of the horizontal frequency for non-standard systems. 
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Output waveforms 


The output waveforms for the different modes of operation are shown in Figs 7 and 8. 
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(1) H = 1 horizontal scan. 


Fig. 7 Typical output 
waveforms for PAL/CCIR 
and SECAM. In the 624-line 
mode the output waveforms 
are identical to the 1st half 
picture of PAL/CCIR and 
are not interlaced.(0,5H 
subtracted from the wave- 
form timing). 
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FUNCTIONAL DESCRIPTION (continued) 
Output waveforms (continued) 
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(1) H = 1 horizontal: scan. 


(2) NTSC mode reset; the 
4th half picture is ident- 
ical to the 2nd half 
picture for NTSC. 


Fig. 8 Typical output 
waveforms for NTSC and 
PAL-M. In the 524-line mode 
the output waveforms are 
identical to the 1st half 
picture of NTSC and are not 
interlaced (0,5H subtracted 
from the waveform timing). 
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WAVEFORM TIMING (Table 3, Figs 9 and 10) 


The waveform timing depends on the frequency of the oscillator input (fgscj}). This is shown in Table 3 
as the number (n) of oscillations at OSCI. The timings given are derived from nx tosq| + 100 ns. One 
horizontal scan (H) = 320 x tosc} = 1/fy. Note that the number of horizontal scans per half picture 


can be modified for non-standard systems using input/output DL as shown in Fig. 6. 


Table 3 Waveform timing 


[permeer_[wymbot_ [Pat [wrse [paw [steam unin 
cs | 


Horizontal sync 
pulse width 


Equalizing pulse width 
Serration pulse width 


Duration of pre- 
equalizing pulses 

Duration of post- 
equalizing pulses 


Duration of serration 
pulses 


CB 
Horizontal blanking | 
pulse width | 


PAL/SECAM/PAL-M ! twcp 
NTSC 1 WCB 


NTSC 2 
Front porch 


Duration of vertical 
blanking 


PAL/SECAM/PAL-M 
NTSC 1 
NTSC 2 
BC (PAL) 
Burst key pulse width 
Sync to burst delay 
Burst suppression 


Position of burst 
suppression: 1st half 
picture 


2nd half 
picture 
3rd half 
picture 


4th half 
picture 


twsc1 
twsSc2 
twSC3 


48 
2,4 
48 


2,5 


2,5 


2,5 


12 


1,6 


25H+twecp 


H623 to 
H6 


H310 to 
H318 


H622 to 
H5 


H311 to 
H319 


21H+twop 
19H+twecR 
| 


H523 to 
H6 


H261 to 
H269 


H523 to 
H6 


H261 to 
H269 


8-225 


5,/6 
11 


H523 to 
H8 


H260 to 
H270 


H522 to 


us 1}24 
us| 8 
ps | 24 


pus |60 
ms 156 
ms |53 
us| 8 


us |12 
ps |28 
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WAVEFORM TIMING (continued) 


Table 3 (continued) 


parameter 


BC (SECAM) 
Chroma pulse width 
Chroma to sync delay 


Duration of vertical 
blanking: SECAM 1 


SECAM 2 


CLP 
Clamp pulse width 
Sync to clamp delay 


DL 

Frequency 

Pulse width 

DL to sync delay 


FH80 
Frequency 
Sync to FH80 delay 


H1,H2 

H1 pulse width 
H2 pulse width 
H1 to sync delay 
Sync to H2 delay 
Repetition period 
V1, V2 

V1 duration 

V2 duration 

V1 to sync delay 
Sync to V2 delay 


FH2 
Frequency 
Sync to FH2 delay 


FH3 
Frequency 
Sync to FH3 delay 
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twBCc — 
tPBCCS | — 


1st half picture: 
2nd half picture: 


1st half picture: 
2nd half picture: 


2,4 
2,4 


tWCLP 
tPCSCLP 


FDL 
tWDOL 
tPCLCS 


9,6 
5,6 


fFH80 
se 0,2 


7,2 
7,2 
0,8 
0,8 
64 


tWH1 
tWH2 
tPH1CS 
tPCSH2 


tPVv1CS 
tpv2cs 


fFH2 


fFH3 


2x fy 


80 x fry 


PAL-M 


uT3 co 
7,2 


1,6 


25H + twec except H320 to H328 
24,5H + tweRc except H7 to H15 


25H + twec 
24,5H + twec 


2,38 
2,38 


2x fy 
9,53 
5,56 


80 x fy 
0,2 


7,15 
7,15 
0,79 
0,79 
63,56 
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[pameter vor pac NTSC pac [Scam [unin 
WMP 


WMP pulse width 


Sync to WMP delay 


Duration of WMP 


Position of WMP 
1st half picture: 


2nd half picture: 


Ri 
Frequency 
Position of edges 


iD 
1D pulse width 
1D to sync delay 


Position of 1D 
1st half picture: 


2nd half picture: 


H134 to 
H143 


H396 to 
H405 


H8 to H22 


H271 to 
H285 


2,4 
34,4 
10 


H163 to 
H173 


H475 to 
H485 


12,0 
1,6 


H7 to H15 


H320 to 
H328 


* Horizontal blanking pulse width for NTSC 2 can be 11, 12 us maximum. 
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Universal Sync Generator SAA‘1043 


WAVEFORM TIMING (continued) 


horizontal 
sync pulse - wse1 —> 

composite _ =e 

sync cs equalizing pulse pO tse 
serration pulse [ec twsc3 = [ 


composite horizontal l 
bishking ue blanking pulse <—_;+—————— twcB ————___ > 


tpcBcs —>| <_— 


burst key (PAL) x tecsBc >| [tec 


burst key/  g¢ | 


chroma eee 
chroma (SECAM) ove Mera: twec —> 
| 


tppccs—| |< 


H1 horizontal drive pe twHt Sa 
| 


tPHICS —>| ar 
H2 horizontal drive | |<———. tw 2 ———_> 


tpcsH2 >| |<— 


CLP clamp pulse : = ne "WCLP 
| 


—, l<—tpcscip 


! 
DL 2 x fy, pulses ae 'WDL ae, 


\<—tppLcs —>| 


ip SECAM gS oe ip 
identification f : 


PIDCS—>| =< 


start, stop 
V1, V2 vertical drives X | | 
—> <—tpvics, tpv2cs 


PAL 7 
a an: eee aaananei na mares 
! 
400 Hz (PAL), 4 
FHS §4/3 (SECAM) , 


7287658 


Fig. 9 Waveform timings: PAL/CCIR; SECAM; 624-line modes. 
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] 
horizontal 
sync pulse ares =] ee a en 
| 
; | 
eas CS equalizing pulse peal [<= twes2 
| 
serration pulse [== twess ial 
| 
composite horizontal 
blanking CB blanking pulse =e tWCB ee 
tpcacs —>| i<— 
BC __ burst key i tresec—>| [twee 
| 
H1 horizontal drive | > twH1 = | 
tpcics i<— 
H2 horizontal drive | s twH2—> 
tpcsH2—! 
CLP clamp pulse | a i TWCPL 
—| x—tpcscLp 
DL 2x fy pulses [. 7 | 
|\<— tppLcs—>" 
tart, st | 
ViV2 vertical rive { 
= i tpvics, tpv2cs 
FH2 identification x 
360 } 
Hz 
7287659 
Fig. 10 Waveform timings: NTSC; PAL-M; 524-line modes. 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage range with respect to Vss VDD —0,5to +15 V 
Input voltage range Vi —0,5 to (Vpp+0,5)* V 
Input current +1) max. 10 mA 
Output voltage range Vo —0,5 to (Vpp + 0,5)* V 
Output current +10 max. 10 mA 
Power dissipation per output Po max. 100 mW 
Total power dissipation per package Prot max. 200 mW 
Operating ambient temperature range Tamb —25 to+70 °C 
Storage temperature range T stg —55 to +150 °C 


*Vpp + 0,5 V not to exceed 15 V. 
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Universal Sync Generator 7 — $AA1043 


CHARACTERISTICS : 
Vpp = 9,7 to 7,5 V; Vss = 0 V; Tamb = —25 to + 70 °C unless otherwise specified 


Supplies 


Supply voltage 


Supply current (quiescent) 
at lo = O mA at all outputs; 
Vop = 7,5 V; Tamb = 25 OC 


Inputs 


Input voltage HIGH 

Input voltage LOW 

Input leakage current at 
Vi=7,5V;Vpp = 7,5 V; 

Input leakage current at 

Vi =OV; Vpp = 7,5 V; 

Tamb = 25 °C 


Outputs (except PH and OSCO) 
Output voltage HIGH at 

—loH = 0,5 mA 
Output voltage LOW at 

lo, = 0,5 mA | 
Output PH 


Output voltage HIGH at 
—loH = 0,9 mA 


Output voltage LOW at 
lol = 1,0 mA 


Output leakage current at 
Vo=7,5V; Vpp=7,5 V 

Output leakage current at 
Vo=7,5V; Vpp = 7,5 V; 

Output leakage current at 
Vo=0V; Vpp =7,5 V 

Output leakage current at 
Vo=0V; Vpp = 7,5 V; 
Tamb = 25 oC 

Output OSCO 

Output voltage HIGH at 
Voscl = 9 V; —IoH = 0,9 mA 

Output voltage LOW at 

Vosci = Vop:!ot = 1,0mA 
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Universal Sync Generator SAA1043 


input/output DL (open drain) * 
Output voltage LOW at 


lol = 1,0 mA VOL — ; — 0,4 
| Output leakage current at 

Vo =7,5 Vi Vpp=7,5 V IOR — — 5 
Output leakage current at 

Vo =7,5V; Vpp = 7,5 V: 

Tamb = 25 °C lor — — 1 
Load resistance (Fig. 4) 

at Vpp = 5,7 V Re 

at Vpp = 7,5 V Ri 
Time constant (Fig. 4) 

at Vpp = 5,7 V Ri Cy 

at Vpp = 7,5 V Re Cy 


| Oscillator frequency (Fig. 4) 


Maximum oscillator frequency 
at Vpp = 5,7 V foscl 


* An external pull-up resistor (3,9 k{2) must be connected between DL and Vpp. The time constant 
R,_C, must not exceed the values given. 


8-231 September 1985 


Signetics Linear Products Product Specification 


Universal Sync Generator | ~ §AA1043 


APPLICATION INFORMATION 


+ 
1 uF 
f 3,9kQ c 
external y ” 
sync 
ECS DL VCR Vop 


SAA1043 


2,2 kQ 180k2  S60pF) 40uH 
eee aera | 


13 kQ 
680 pF BB109 82 pF 
i i 7287665 


Fig. 11 Synchronizing circuit using passive filter network. 


HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS Devices’). 
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Subcarrier Coupler SAA‘1044 


GENERAL DESCRIPTION 


The SAA1044 maintains the correct relationship between subcarrier and horizontal scan frequencies 
when an exact coupling is required. It is for use in combination with sync generator SAA 1043 for 
application in colour video sources (cameras, film-scanners and similar equipments). 


Features 


@ Provides exact relationship between subcarrier and horizontal scan frequencies 
@ Accommodates all standard frequencies 
® Facilitates GENLOCK (general locking) applications 


FD X _ FH3 
wes 


STANDARD 
SELECTOR 


Vpop Yss 
16 8 
| 


DIVISION 
FACTOR 
LOGIC 


PHASE 9 
f, TO fp, alae lal PH1 
EQUATION 


CIRCUIT 


FH80 
sO 
SUBI PHASE ie 
SUBCARRIER SUBCARRIER COMPARATOR —i— PH2 
SUBO OSCILLATOR DIVIDERS 2 
SUBTRACTOR 
alc ead SECAM 
SECO OSCILLATOR DIVIDER 
PHASE 
ae COMPARATOR PH3 
REFERENCE 3 
RS SUBFREQUENCY 
DIVIDER 
SAA1044 
7287698 
Fig. 1 Block diagram. 
PACKAGE OUTLINE 


16-lead DIL; plastic (SOT-38). 
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Subcarrier Coupler —  SAA1044 


PINNING : 
SECI SECAM oscillator input (272f}4) 
SECO SECAM oscillator output (272f}) 
SEO inverted SECAM oscillator output 
RS reference subfrequency 

SO inverted subcarrier oscillator output 
SAA1044 subcarrier oscillator output 

SUBI _ subcarrier oscillator input 

Vss negative supply voltage (ground) 

PH1 phase comparator 1 output (FH80/SUBI) 


© ON OO AR WN = 
2) 
C 
oo 
© 


10  FH80~ 1,25 MHz input (from SAA1043) 
7Z87699 11 FD standard programming input 
Fig. 2 Pinning diagram. 12 PH3 phase comparator 3 output (RS/SUBI) 
13 XxX standard programming input 
14 FH3 standard programming input 


(from SAA1043) 
PH2 phase comparator 2 output (SECI/FH80) 
positive supply voltage 


Oo 
< 
S) 
S) 


FUNCTIONAL DESCRIPTION 
Programming of operating standard 


The standard required for operation is programmed using the inputs FD, X and FH3 as shown in 
Table 1. 


Table 1 Programming of operating standard 


standard relationship of subcarrier frequency (fs) 
to horizontal scan frequency (f}4) 


400 Hz fs = 283,7516fy 


don’t care fg = 282fy 

400 Hz fg = 229,2516fy 
1 fg = 227 ,25fy 

0 fs = 227, 5fy 


Positive logic: 1 = HIGH; 0 = LOW 
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Subcarrier Coupler SAA1044 


Subcarrier/horizontal scan frequency relationship 


The input FH80 from SAA1043 is the reference for horizontal scan frequency (f,4). This frequency is 
reduced by a factor determined by the selected operating standard to give a value of 8f,y (PAL, SECAM 
or 10f, (PAL-N, PAL-M, NTSC) to phase comparator 1. The subcarrier frequency (fs) is manipulated 
to provide a comparable value at the second input to the phase comparator. When the frequencies of 
the two inputs to phase comparator 1 are equal, the relationship between fj; and fs is as shown in 
Table 1. 


Phase comparator 1 functions with an exclusive-OR phase detector circuit and provides an output 
which may be used to control a voltage-controlled oscillator (VCO) via a low-pass filter. The VCO 
reference can be the subcarrier or the horizontal scan frequency and the filter can be active or passive, 
depending on application. 


A second subcarrier oscillator circuit is provided for SECAM operation. The operating frequency of 
this is centred on 272f,4 to give, when fs = 282f4, comparable values of 5f,4 at the two inputs to phase 
comparator 2. A second VCO loop can be used to control the SECAM oscillator frequency. 


The high degrees of accuracy and stability required for GENLOCK applications are met by phase 
comparator 3. This compares the internal subcarrier and external reference frequencies, To adjust the 
phase over 27, this comparator has a linear characteristic over 47. The output signal PH3 has a period 
time of fs/4 and a duty cycle of between 12,5% and 62,5% giving a sensitivity of 240 mV/rad. Errors 
due to temperature variation are minimized by symmetrical circuit and chip design. 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range with respect to Vss Vpp —0,5to+15 V 
Input voltage range Vy —0,5 to (Vpp + 0,5)* V 
Input current + | max. 10 mA 
Output voltage range Vo —0,5 to (Vpp + 0,5)* V 
Output current +lQ max. 10 mA 
Power dissipation per output Po max. 100 mW 
Total power dissipation per package Prot «Max. 200 mW 
Operating ambient temperature range Tamb —25 to +70 °C 
Storage temperature range Tstg —55to +150 °C 
HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS Devices’). 


* Vpp + 0,5 V not to exceed 15 V. 
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Subcarrier Coupler : SAA1044 


CHARACTERISTICS 
Vpp = 5,7 to 7,5 V; Vss = 0 V; Tamb = —25 to + 70 OC unless otherwise specified 


Teeanesfomint [o [om [ome | 


i. 


Supplies 
Supply voltage VppD 


Supply current (quiescent) 
at lo = 0 mA at all outputs; 


_ Inputs 
Input voltage HIGH VI 
Input voltage LOW VIL 


Input leakage current at 

Vi =7,5 Vi; Vpp = 7,5 V; 

Tamb = 25 °C lip 
Input leakage current at 

Vi =OV;Vpp = 7,5 V; 

Tamb = 25 °C —ljR 


Outputs (except SECO and SUBO) 
Output voltage HIGH at 


—loH = 0,5 mA VOH 
Output voltage LOW at 

lol = 9,5 mA | VOL 
Outputs SECO and SUBO 
Output voltage HIGH at 

—lQH = 9,9 mA VOH 
Output voltage LOW at 

lol = 1,0 mA VOL 


Oscillator frequency (Fig. 3) 


Maximum oscillator frequency 


x -fsuBi 
at Vpp = 5,7 V eee 
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(1) 
4,43 MHz CJ imo} 


SAA1044 


(1) 
4,43 MHz (J ima} 


Y— 


27 pF 


(2) 
10 pF 7Z87700 


(1) Catalogue number of crystal: 4322 143 04040. 
(2) Inputs not shown are don’t care. 


Fig. 3 Test set-up for oscillator frequency measurement. 
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APPLICATION INFORMATION 


10 pF 
Vop 
27 pF 
\ SUBI 
4,43 MHz 
aq) = 1Mo| \ 
1,2kQ SAA1044 
Gade! 
33 pF SUBO 


BA318 


external sync 


see 


(1) Catalogue number of crystal: 4322 143 04040. 


Fia. 4 Subcarrier coupling for PAL application; external synchronization is selected with switch in EXT condition. 


VpbD 
+ 
10 uF = 
Ne x |y_ {vcr| pp 
5 6 9 2 


19|GNOD J91WOOQNsS 


CS 


composite 
- sync 


SAA1043 


7287696 af 


WWOLVVS 


sIONDOld JOeuT!] SOOUBIS 


UOOOWIOeds JONPOld - 


6E2-8 


G61 Jequie}deg 


PAL composite 
video 


SO 4,43 MHz 


phase adjust 


(d.c.) 
PHS FILTER 


SUBCARRIER (1) 
SUBO OSCILLATOR 
PH1 


4,43 MHz (1) 


| 


BURST 
DETECTOR 


FLYWHEEL 
OSCILLATOR 


4 _SAA1044 


IDENT. 
DETECTOR 


FILTER 


EXT 
O 
SYNC 
DETECTOR 
VCO 
= FILTER 
7287697 composite sync. 


(1) Catalogue number of crystal: 4322 143 04040. 


Fig. 5 Subcarrier coupling for PAL GENLOCK application. 
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PAL/NTSC Encoder ~ TDA2504 


The TDA2501 encodes two colour-difference signals R-Y and B-Y onto one subcarrier. Quadrature 
modulation allows the coding to be in accordance with either the PAL or NTSC system. 


Functions: | 

Generates two sinusoidal subcarriers with a relative phase of 90° (also accepts external subcarriers) 
Modulates the two subcarriers with the colour difference signals | 
Inverts the output from one modulator on command of an external signal (as in case of PAL) 
Sums the output from the modulators to obtain a quadrature modulated output signal 

Clamps the output d.c. level to a reference voltage 


Divides the frequency of horizontal sync pulses by three so that the output level can be clamped and 
the balance of the two modulators sequentially controlled during the line-blanking minus burst-key 
period 


QUICK REFERENCE DATA 


Supply voltage (pin 6) Vp typ. 6 V 
Supply current Ip typ. 40 mA 
Output chrominance voltage (pin 9) V9(p-p) max. 1,4 V 
Storage temperature Tstg —65 to +150 °C 
Operating ambient temperature Tamb —25 to +70 °C 


PACKAGE OUTLINE 
16-lead DIL; plastic with internal heat spreader (SOT-38WE-2). 
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— 
0 
> 
i 
Z 
} 
TDA2501 rm 
INVERTER 5 
Xx OQ 
NTSC 3 Oo 
SUBCARRIER ] ® 
OSCILLATOR 150 pF 
PAL p 
ya oo ie 22 le pF 
ref. level 150 pF 
40 ADDER is ‘ 
(B—Y) MODULATOR AND 
(B—Y) AMPLIFIER 
40 
(R-—Y) 
ref.level 
‘\ 2.9 10 nH 
q L MULTIPLEXER 
sync pulse 
>AV 
UNBALANCE UNBALANCE 
CORRECTION CORRECTION 
‘, 
7290239 
22 nF 22 nF 22 nF 
(1) R = 0,885 (2 zw fC); for PAL f = 4,433 619 MHz, R= 963 Q and C = 33 pF. 
Fig. 1 Block diagram. Also test and application diagram. = 
> 
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PAL/NTSC Encoder TDA2504 


DESCRIPTION 


The colour difference signals B-Y and R-Y with a maximum amplitude of 1,4 volt are to be applied at 
pin 12 and pin 5. D.C.-coupling of the input signals is allowed if their d.c. levels are within specified 
limits from the d.c. level at pin 10 (Vre¢). The following table shows these limits as a function of supply 
voltage. The table also shows the limits of the reference voltage range as a function of the supply voltage. 


supply voltage input d.c. reference voltage °® 
V6-16 (R-Y) V 10-16 
(B-Y) V) 
(V) min. (V)* max. 
5,5 3,5 
6,0 3,9 
7,0 4,7 
8,0 5,5 
9,0 6,3 
10,0 7,1 


* Minimum 2,4 V. 
** AtVs—2,2V. 
* Minimum values at 0,2 Vs + 1,2 V. 
Typical values without pull-up or pull-down resistor. 
Maximum values at 0,8 Vs — 0,9 V. 


The inputs (B-Y) and (R-Y) should be zero, independent of their (limited) d.c.-levels, during the line- 
blanking minus burst-key period (LB — BK). Clamping the output and correcting the out-of-balance of 
the modulators, is done by applying a HIGH level to pin 7 within the (LB — BK) period (e.g. line sync 
pulse). 


Modulation at output: 
Vg = LOW; output = sc x (B-Y) + sc’ x (R-Y) 
Vg = HIGH; output = sc x (B-Y) — se’ x (R-Y) © 
in which sc’ = subcarrier 
sc = 90° phase-shifted subcarrier to sc’ (sc lags). 


The bandpass filter at the output suppresses the d.c. components of the (R-Y) + (B-Y) signal. Luminance 
(Y) is not processed by this circuit. 


Internal subcarrier 


The internal subcarrier oscillator is crystal controlled. The oscillator generates a sinewave with low 
harmonic distortion and an amplitude of about 500 mV peak-to-peak. The amplitude can be changed if 
necessary with a current input at pin 1. The adjustment range is 0 to 800 mV, with a corresponding 
current range of +250 to —150 wA. 


Phase shift 


To obtain a 90° phase-shifted carrier, two low impedance subcarrier outputs are provided, pins 2 and 15, 
the last being the inverse of the first. Between pins 2 and 15 an external RC combination must be used 
to obtain the desired 90° shift. The capacitor value must be limited to 33 pF to minimize subcarrier 
distortion. 


The resistor required between pins 2 and 14 is 0,885 (2 7 fC). 
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External subcarrier 


The (B-Y) and (R-Y) signals can also be multiplied with an external subcarrier. In this case the external 

subcarrier is connected to pin 1. For maximum input impedance at pin 1 V3 = V 46 (Zpj > 1400 22). The 
same RC network generate the 90° phase-shifted subcarrier. For the use of an externally generated sub- 
carrier, applied at pin 14, the d.c. level must be the same as in the case of an RC-network generated one. 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage V6.16 Vp max. 13,2 V 
Total power dissipation see derating curve (Fig. 2) 
Storage temperature range Tstg —65 to +150 °C 
Operating ambient temperature Tamb —25 to +70 °C 


hide 
an 
aE 
aae 
Sue 


SRREED 


2 


Fig. 2 Power derating curve. 
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PAL/NTSC Encoder TD A251 


D.C. CHARACTERISTICS 


V6-10 = —V16-10 = 3 V; Tamb = 25 OC; see Fig. 1 bo tainee typ. | max. —_| 


Single power supply 5,5 


Dual power supply 
positive : 2 
negative : 2,3 
Supply current | 
at pin 10 —1 
positive (pin 6) 28 
negative (pin 6) 28 
Limitation d.c. level 
oscillator feedback —30 


Nominal amplitude input signal 
a.c. peak-to-peak : _ 


Input voltages (R-Y) and (B-Y) 
zero d.c. level | 2,4 


Required level sync input 
HIGH 4 
LOW = 


Required level PAL pulse (H/2) 
HIGH Vi9t0,8 — 
LOW | —Vp 

Input current sync input 
V7=Vp+1V - 

Input current PAL input (H/2) 

Vg=V190t0,8V | = 


Output chroma voltage swing 
| (R-Y) = (B-Y) = 1,4 V 
subcarrier pulse = 0,5 V _ 


Amplitude of suppressed 


subcarrier 0 
Input currents 

V4 0 

0 

0 

0 

0 


Vig =V16+2,3 V = 
Input impedance (R-Y) — 
Input impedance (B-Y) — 
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Chroma Control Circuit TDA3505 


The TDA3505 performs the control functions in a PAL/SECAM decoder, which also comprises the 
TDA3510 (PAL decoder) and/or TDA3530 (SECAM decoder). 


The required input signals are: luminance and colour difference —(R-Y) and —(B-Y), while linear RGB 
signals can be inserted from external sources. RGB output signals are delivered for driving the video 
Output stages. This circuit provides automatic cut-off control of the picture tube. The TDA3505 has 
the following features: 


®@ capacitive coupling of the colour difference and luminance input signals with black level clamping 
in the input stages 

linear saturation control in the colour difference stages 

(G-Y) and RGB matrix 

linear transmission of inserted signals 

equal black levels for inserted and matrixed signals 

3 identical channels for the RGB signals 

linear contrast and brightness control, operating on both the inserted and matrixed RGB signals 
peak beam current limiting input 

horizontal and vertical blanking and clamping of the three input signals obtained via a 3-level sand- 
castle pulse 

d.c. gain controls for each of the RGB output signals (white point adjustment) 

emitter-follower outputs for driving the RGB output stages 

input for automatic cut-off control of the picture tube 

compensation for leakage current of the picture tube 


QUICK REFERENCE DATA 


Supply voltage V6-24= Vp typ. 12 V 
Supply current lg =p typ. 85 mA 
Composite video input signal (peak-to-peak value) V15-24(p-p) typ. 045 V 
Input resistance R 15-24 > 100 kQ 
Colour difference input signals (peak-to-peak values) 8 

—(B-Y) V 18-24(p-p) typ. 1,33 V 

—(R-Y) V17-24(p-p) typ. 1,05 V 
Inserted RGB signals 

(black-to-white values) V12,13,14-24(p-p) typ. 1 V 
Three-level sandcastle pulse (required input voltage) V 10-24. typ. 2,5/4,5/8,0 V 
Control voltage ranges 

brightness V90-24 1,0 to 3,0 V 

contrast V 19-24 2,0to 4,3 V 

saturation V 16-24 2,0t0 4,3 V 


PACKAGE OUTLINE 28-lead DIL; plastic (SOT-117). 
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video CLAMPING - , 
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ou 
20 
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Fig. 1a Part of block diagram; continued in Fig. 1b. 
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Fig. 1b Part of block diagram; continued from Fig. 1a. 
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Product Specification 


TDA3505 


RATINGS | 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage 
Voltages with respect to pin 24 
pin 26 
pin 25 
pin 10 
pin 11 
pins 16, 19, 20 
pins 21, 22, 23 


pins 1, 3, 5; 2, 4, 28; 7, 8, 9; 12, 13, 14; 
15, 17, 18; 27 


Currents 

pins 1, 3,5 

pin 19 

pin 20 

pin 25 
Total power dissipation 
‘Storage temperatu re range 


Operating ambient temperature range 


CHARACTERISTICS 
Supply voltage range 


min. max. 


< 


Vp = V6-24 


V26-24 
V25-24 
V10-24 
V11-24 
V16,19,20-24 
V21,22,23-24 


<< << << 


no external d.c. voltage 


-14,3,5 max. 3 mA 
lag max. 10 mA 
190 max. 5 mA 
—l25 -max. 5 mA 
Prot max. 1,7 W 
Tstg —25to+125 °C 
Tamb —20to+70 OC 
Vp = V6-24 10,8to 13,2 V 


The following characteristics are measured in a circuit similar to Fig. 2; Vp = 12 V; Tampb = 25 OC; 
V18-24(p-p) = 1,33 V; V17-24(p-p) = 1,05 V; V15-24(p-p) = 9,45 Vi V12,13,14-24(p-p) = 1 V; unless 


otherwise specified 


Supply current lg = Ip typ. 85 mA 
Colour difference inputs 
—(B-Y) input signal at pin 18 (peak-to-peak value) *V 18.24(p-p) typ. 133 V 
—(R-Y) input signal at pin 17 (peak-to-peak value)*V 17.24(p-p) typ. 105 V 
Input current during scanning 117, 18 < 1 wA 
Input resistance R47,18-24 > 100 kQ 
Internal d.c. voltage due to clamping | V17,18-24 typ. 42 V 
Saturation control at pin 16 : 
control voltage range for a change of 
saturation from —20 dB to +6 dB V 16-24 2,1to4,3 V 
control voltage for attenuation > 40 dB V16-24 < 18 NV 
nominal saturation (6 dB below max.) V 16-24 typ. 3,1 V 
input current 46 < 20 yA 


* For saturated colour bar with 75% of maximum amplitude. 
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(G-Y) matrix 
Matrixed according to the equation ViG-Y) = —0,51 ViR-y) —0,19 V(p.y) 
Luminance amplifier (pin 15) 
Composite video input signal (peak-to-peak value) V4 5-24(p-p) typ. 045 V 
Input resistance R 15-24 > 100 kQ 
Internal d.c. voltage V 15-24 typ. 2/7 V 
Input current during scanning lis < 1 wA 
RGB channels 
Signal switching input voltage for insertion (pin 11) 
on level V11-24 09to3 V 
off level V141-24 < 04 V 
Input current 144 —100to+ 200 yA 
Signal insertion (pin 12: blue; pin 13: green; pin 14: red) 
external RGB input signal (black-to-white values) V12,13,14-24(p-p) = 1 3V 
internal d.c. voltage due to clamping* V12,13,14-24 typ. 44 Vv 
input current during scanning 11213,14 < 1 yA 


Contrast control (pin 19) 
control voltage range for a change of 


contrast from —18 dB to + 3 dB V19-24 2to43 V 

nominal contrast (3 dB below max.) V 19-24 typ. 3,6 V 

control voltage for —6 dB V 19-24 typ. 2,8 V 

input current at V95.94 = 6 V li9 < 2 wA 
Peak beam current limiting (pin 25) 

internal d.c. bias voltage V95.24 typ. 5,9 V 

input resistance R35-24 typ. 10 kQ 

input current at contrast control input 

at V95.24= 5,1 V l19 typ. 17 mA 

Brightness control (pin 20) | 

control voltage range V20-24 1to3 V 

input current —l99 < 10 wA 


control voltage for nominal black level which 
equals the inserted artificial black level V90-24 typ. 2 V 


change of black level in the control range 
related to the nominal luminance signal (black-white) for AV99.94=1V _ typ. 50 % 


* V41-24 < 0,4 V during clamping time: the black levels of the inserted RGB signals are clamped 
on the black levels of the internal RGB signals. 
V41-24 > 0,9 V during clamping time: the black levels of the inserted signals are clamped on an 
internal d.c. voltage. 
Correct clamping of the external RGB signals is only possible when they are synchronous with 
the sandcastle pulse. 
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CHARACTERISTICS (continued) 


Internal signal limiting 
signal limiting for nominal luminance 
(black to white = 100%) | | 
black typ. —25 % 
white typ. 120 % 


White point adjustment (pin 21: blue; pin 22: green; pin 23: red) 
A.C. voltage gain (note 1) 


at V2122,23-24 = 5,5 V typ. 100 % 

at V21,22,23-24 = OV = 60 % 

at V21 22. 23-24= 12 V = 140 % 
Input resistance R21,22,23-24 typ. 20 kQ 


Emitter-follower outputs (pin 1: red; pin 3: green; pin 5: blue) 
At nominal contrast, saturation and white point adjustment 
Output voltage (black-to-white 


signal, positive) | V 1,3,5-24(p-p) typ. 2 V 
Black level without automatic cut-off 

control (Vg 2 4-24 = 10 V) V1,3,5-24 typ. 6,7 V 
Internal current source lsource typ. 3 mA 
Cut-off current control range —AV135-24 typ. 46 V 


Automatic cut-off control (pin 26) 


The measurement occurs in the following lines after start of the vertical blanking pulse: 
line 21: measurement of leakage current 
line 22: measurement of red cut-off current 
line 23: measurement of green cut-off current 
line 24: measurement of blue cut-off current 


Input voltage range — V26-24 Oto+6,5 V 


Voltage difference between cut-off current 
measurement (note 2) and leakage current , 
measurement (note 3) AV 26-24 typ. 07 V 


Input 26 switches to ground during horizontal flyback 


Notes 

1. With input pins 21, 22 and 23 not connected an internal bias voltage of 5,5 V is supplied. 

2. Black level of measured channel is nominal; the other two channels are blanked to ultra-black. 

3. All three channels blanked to ultra-black. , 
The cut-off control cycle occurs when the vertical blanking part of ne sandcastle pulse contains more 
than 3 line pulses. 
The internal signal blanking continues until the end of the last measurement line. 
The vertical blanking pulse is not allowed to contain more than 34 line pulses otherwise another 
control cycle begins. 
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Gain data 
At nominal contrast, saturation and white point adjustment 
Voltage gain with respect to Y-input (pin 15) G1 35-15 
Frequency response (0 to 5 MHz) d13,5-15 
Voltage gain with respect to colour difference 
inputs (pins 17 and 18) G5.18 = G1-17 
Frequency response (0 to 2 MHz) d5.18 = 41-17 
Voltage gain of inserted signals G4.14 = G3.13 = G5.12 
Frequency response (0 to 6 MHz) 4.14 = 43-13 = 45-12 


Sandcastle detector (pin 10) 


typ. 


Product Specification 


TDA3505 


16 dB 
3 dB 


6 dB 
3 dB 
6 dB 
3 dB 


There are 3 internal thresholds (proportional to Vp); note 1. The following amplitudes are required 


for separating the various pulses: 


horizontal and vertical blanking pulses (note 2) V10-24 
horizontal pulse V10-24 
clamping pulse (note 3) V 10-24 
d.c. voltage for artificial black level 

(scan and flyback) V10-24 
no keying V 10-24 
input current —l10 

Notes 


1. The thresholds are for 
horizontal and vertical blanking: V4o.94 = 1,5 V 
horizontal pulse: V10-2473,5 V 
clamping pulse: V1i0-247=7,0V 

2. Blanking to ultra-black (—25%). 

3. Pulse duration 2 3,5 us. 
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Fig. 2 Typical application circuit diagram using the TDA3505. 
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GENERAL DESCRIPTION 


The TDA3562A is a monolithic integrated decoder for the PAL and/or NTSC colour television standards. 
It combines all functions required for the identification and demodulation of PAL/NTSC signals. 
Furthermore it contains a luminance amplifier, an RGB-matrix and amplifier. These amplifiers supply 
output signals up to 4 V peak-to-peak (picture information) enabling direct drive of the discrete output 
stages. The circuit also contains separate inputs for data insertion, analogue as well as digital, which 

can be used for text display systems (e.g. Teletext/broadcast Antiope), channel number display, etc. 


Features 


@ A black-current stabilizer which controls the black-currents of the three electron-guns to a level low 
enough to omit the black-level adjustment 

® Contrast control of inserted RGB signals 

@® No black-level disturbance when non-synchronized external RGB signals are available on the inputs 

@® NTSC capability with hue control 


QUICK REFERENCE DATA 


Supply voltage (pin 1) Vp = V4.97 typ. 12 V 
Supply current (pin 1) Ip=1 typ. 80 mA 
Luminance amplifier (pin 8) 

Input voltage (peak-to-peak value) V8-27(p-p) typ. 450 mV 
Contrast control range typ. 20 dB 
Chrominance amplifier (pin 4) 

Input voltage range (peak-to-peak value) V4-27(p-p) 40 to 1100 mV 
Saturation control range min. 50 dB 


RGB matrix and amplifiers 


Output voltage at nominal luminance and contrast 


(peak-to-peak value) V13,15,17-27(p-p) tYP. 4V 
Data insertion 
Input signals (peak-to-peak value) V12,14,16-27(p-p) tyP. 1V 
Data blanking (pin 9) 
Input voltage for data insertion V9.27 min. 0.9 V 
Sandcastle input (pin 7) 
Blanking input voltage V7.97 typ. 1.5 V 
Burst gating and clamping input voltage V7.27 typ. 7V 


PACKAGE OUTLINE 
28-lead DIL; plastic, with internal heat spreader (SOT-117). 
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FUNCTIONAL DESCRIPTION 
Luminance amplifier 


The luminance amplifier is voltage driven and requires an input signal of 450 mV peak-to-peak (positive 
video). The luminance delay line must be connected between the i.f. amplifier and the decoder. The input 
signal is a.c. coupled to the input (pin 8). After amplification, the black level at the output of the 
preamplifier is clamped to a fixed d.c. level by the black level clamping circuit. 


During three line periods after vertical blanking, the luminance signal is blanked out and the black level 
reference voltage is inserted by a switching circuit. This black level reference voltage is controlled via 
pin 11 (brightness). At the same time the RGB signals are clamped. Noise and residual signals have no 
influence during clamping thus simple internal clamping circuitry is used. 


Chrominance amplifiers 


The chrominance amplifier has an asymmetrical input. The input signal must be a.c. coupled (pin 4) and 
have a minimum amplitude of 40 mV peak-to-peak. The gain control stage has a control range in 

excess of 30 dB, the maximum input signal must not exceed 1.1 V peak-to-peak, otherwise clipping of 
the input signal will occur. From the gain control stage the chrominance signal is fed to the saturation 
control stage. Saturation is linear controlled via pin 5. The control voltage range is 2 to 4 V, the input 
impedance is high and the saturation control range is in excess of 50 dB. The burst signal is not affected 
by saturation control. The signal is then fed to a gated amplifier which has a 12 dB higher gain during 
the chrominance signal. As a result the signal at the output (pin 28) has a burst to chrominance ratio 
which is 6 dB lower than that of the input signal when the saturation control is set at --6 dB. The 
chrominance output signal is fed to the delay line and, after matrixing, is applied to the demodulator 
input pins (pins 22 and 23). These signals are fed to the burst phase detector. 


Oscillator and identification circuit 


The burst phase detector is gated with the narrow part of the sandcastle pulse (pin 7). In the detector 
the (R-Y) and (B-Y) signals are added to provide the composite burst signal again. This composite signal 
is compared with the oscillator signal divided-by-2 (R-Y) reference signal. The control voltage is 
available at pins 24 and 25, and is also applied to the 8.8 MHz oscillator. The 4.4 MHz signal is obtained 
via the divide-by-2 circuit, which generates both the (B-Y) and (R-Y) reference signals and provides a 
90° phase shift between them. 


The flip-flop is driven by pulses obtained from the sandcastle detector. For the identification of the 
phase at PAL mode, the (R-Y) reference signal coming from the PAL switch, is compared to the 
vertical signal (R-Y) of the PAL delay line. This is carried out in the H/2 detector, which is gated during 
burst. When the phase is incorrect, the flip-flop gets a reset from the identification circuit. When the 
phase is correct, the output voltage of the H/2 detector is directly related to the burst amplitude so 
that this voltage can be used for the a.c.c. To avoid ‘blooming-up’ of the picture under weak input 
signal conditions the a.c.c. voltage is generated by peak detection of the H/2 detector output signal. 


The killer and identification circuits get their information from a gated output signal of the H/2 
detector. Killing is obtained via the saturation control stage and the demodulators to obtain good 
suppression. The time constant of the saturation control (pin 5) provides a delayed switch-on after 
killing. 

Adjustment of the oscillator is achieved by variation of the burst phase detector load resistance 
between pins 24 and 25 (see Fig. 7). With this application the trimmer capacitor in series with the 
8.8 MHz crystal (pin 26) can be replaced by a fixed value capacitor to compensate for unbalance of 
the phase detector. 
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FUNCTIONAL DESCRIPTION (continued) 
Demodulator 


The (R-Y) and (B-Y) demodulators are driven by the colour difference signals from the delay-line 
matrix circuit and the reference signals from the 8.8 MHz divider circuit. The (R-Y) reference signal 
is fed via the PAL-switch. The output signals are fed to the R and B matrix circuits and to the (G-Y) 
matrix to provide the (G-Y) signal which is applied to the G-matrix. The demodulation circuits are 
killed and blanked by by-passing the input signals. 


NTSC mode 


The NTSC mode is switched on when the voltage at the burst phase detector outputs (pins 24 and 25) 
is adjusted below 9 V. To ensure reliable application the phase detector load resistors are external. 
When the TDA3562A is used only for PAL these two 33 kQ resistors must be connected to + 12 V 
(see Fig. 7). For PAL/NTSC application the value of each resistor must be reduced to 10 kQ and 
connected to the slider of a potentiometer (see Fig. 8). The switching transistor brings the voltage at 
pins 24 and 25 below 9 V which switches the circuit to the NTSC mode. The position of the PAL flip- 
flop ensures that the correct phase of the (R-Y) reference signal is supplied to the (R-Y) demodulator. 
The drive to the H/2 detector is now provided by the (B-Y) reference signal. In the PAL mode it is 
driven by the (R-Y) reference signal. 


Hue control is realized by changing the phase of the reference drive to the burst phase detector. This is 
achieved by varying the voltage at pins 24 and 25 between 7.5 and 8.5 V, nominal position 8.0 V. The 
hue control characteristic is shown in Fig. 5. 


RGB matrix and amplifiers 
The three matrix and amplifier circuits are identical and only one circuit will be described. 


The luminance and the colour difference signals are added in the matrix circuit to obtain the colour 
signal, which is then fed to the contrast control stage. The contrast control voltage is supplied to pin 6 
(high-input impedance). The control range is +5 dB to —15 dB nominal. The relationship between the 
control voltage and the gain is linear (see Fig. 2). 


During the 3-line period after blanking a pulse is inserted at the output of the contrast control stage. 
The amplitude of this pulse is varied by a control voltage at pin 11. This applies a variable offset to the 
normal black level, thus providing brightness control. The brightness control range is 1 V to 3 V. 


While this offset level is present, the ‘black-current’ input impedance (pin 18) is high and the internal 
clamp circuit is activated. The clamp circuit then compares the reference voltage at pin 19 with the 
voltage developed across the external resistor network RA and Rp (pin 18) which is provided by 

picture tube beam current. The output of the comparator is stored in capacitors connected from pins 
10, 20 and 21 to ground which controls the black level at the output. The reference voltage is composed 
by the resistor divider network and the leakage current of the picture tube into this bleeder. During 
vertical blanking, this voltage is stored in the capacitor connected to pin 19, which ensures that the 
leakage current of the CRT does not influence the black current measurement. 


The RGB output signals can never exceed a level of 10 V. When the signal tends to exceed this level 
the output signal is clipped. The black level at the outputs (pins 13, 15 and 17) will be about 3 V. 
This level depends on the spread of the guns of the picture tube. If a beam current stabilizer is not 
used it is possible to stabilize the black levels at the outputs, which in this application must be 
connected to the black current measuring input (pin 18) via a resistor network. 
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Data insertion 


Each colour amplifier has a separate input for data insertion. A 1 V peak-to-peak input signal provides 
a 4 V peak-to-peak output signal. To avoid the ‘black-level’ of the inserted signal differing from the 
black level of the normal video signal, the data is clamped to the black level of the luminance signal. 
Therefore a.c. coupling is required for the data inputs. To avoid a disturbance of the blanking level due 
to the clamping circuit, the source impedance of the driver circuit must not exceed 150 2. 


The data insertion circuit is activated by the data blanking input (pin 9). When the voltage at this pin 
exceeds a level of 0.9 V, the RGB matrix circuits are switched off and the data amplifiers are switched 
on. To avoid coloured edges, the data blanking switching time is short. 


The amplitude of the data output signals is controlled by the contrast control at pin 6. The black level 
is equal to the video black level and can be varied between 2 and 4 V (nominal condition) by the bright- 
ness control voltage at pin 11. 


Non-synchronized data signals do not disturb the black level of the internal signals. 


Blanking of RGB and data signals 


Both the RGB and data signals can be blanked via the sandcastle input (pin 7). A slicing level of 1.5 V 
is used for this blanking function, so that the wide part of the sandcastle pulse is separated from the 
remainder of the pulse. During blanking a level of +1 V is available at the output. 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 1) Vp=V4.27. max. 13.2 V 

Total power dissipation Prot max. 1.7 W 

Storage temperature range Tstg —25 to+150 °C 

Operating ambient temperature range Tamb --25to+70 OC 

THERMAL RESISTANCE 8 
From junction to ambient (in free air) Rth j-a = 40 K/W 
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CHARACTERISTICS 
Vp = V4.27 = 12 V; Tamb = 25 V; unless otherwise specified 


a 


Supply (pin 1) 
Supply voltage 


Vp = V1-27 
Ip= ly 
Prot 


Supply current 
Total power dissipation 


Luminance amplifier (pin 8) 


Input voltage (note 1) 
(peak-to-peak value) 


V8-27(p-p) 
Input level before clipping V98.97 
Input current 

Contrast control range (see Fig. 2) 


Input current contrast control 


Chrominance amplifier (pin 4) 


Input voltage (note 2) 
(peak-to-peak value) 


V4-27(p-p) ay ‘higee 
24.27! 


C4.27 


Input impedance 
Input capacitance 
A.C.C. control range 


Change of the burst signal at the output 
over the whole control range 


Gain at nominal contrast/saturation 
pin 4 to pin 28 (note 3) 


Chrominance to burst ratio at nominal 
saturation (notes 2 and 3) at pin 28 


Maximum output voltage 
(peak-to-peak value); Ry = 2 kQ 


V28-27(p-p) 
Distortion of chrominance amplifier 
at V28.97(p-p) = 2 V (output) 
up to V4.27(p-p) = 1 V (input) 


Frequency response between 0 and 5 MHz 
Saturation control range (see Fig. 3) 
Input current saturation control (pin 5) 


Cross-coupling between luminance 
and chrominance amplifier (note 4) 
Signal-to-noise ratio 
at nominal input signal (note 5) 


Phase shift between burst and chrominance 
at nominal contrast/saturation 


Ay 
I228.271 
log 


Output impedance of chrominance amplifier 
Output current 


September 1985 | 8-258 


Signetics Linear Products Product Specification 


PAL/NTSC Decoder TDA3562A 


a 


Reference part 


Phase-locked-loop 
catching range (note 6) 


phase shift for + 400 Hz deviation 
of fose (note 6) 


Oscillator 
temperature coefficient 
of oscillator frequency (note 6) 
frequency variation when supply voltage 
increases from 10 V to 13.2 V (note 6) 


input resistance (pin 26) 


input capacitance (pin 26) 


A.C.C. generation (pin 2) 
control voltage at nominal input signal 


control voltage without chrominance input 


colour-off voltage 


colour-on voltage 


identification-on voltage 


change in burst amplitude with 
temperature 


voltage at pin 3 at nominal input signal 


Demodulator part 


Input burst signal amplitude 
(peak-to-peak value) 
between pins 23 and 27 (note 7) 


Input impedance 
between pins 22 or 23 and 27 


Ratio of demodulated signals (note 8) 
(B-Y)/(R-Y) 


1299.27/23-27| 


(G-Y)/(R-Y); no (B-Y) signal 


(G-Y)/(B-Y); no (R-Y) signal 


Frequency response between 0 and 1 MHz 
Cross-talk between colour difference signals 


Phase difference between (R-Y) signal 
and (R-Y) reference signal 


Phase difference between (R-Y) 
and (B-Y) reference signals 
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CHARACTERISTICS (continued) | 


ee 


RGB matrix and amplifiers 


Output voltage (peak-to-peak value) 
at nominal luminance/contrast 


_ (black-to-white) (note 3) | V13,15,17-27(p-p)| 4.5 V 

Output voltage at pin 13 (peak-to-peak 

value) at nominal contrast/saturation 

and no luminance signal to (R-Y) V 13-27(p-p) —_ V 
Maximum peak-white level V13,15,17(m) 10.3 | V 
Available output current (pins 13,15,17) 113,15,17 _ mA 
Difference between black level and 

measuring level at the output 

for a brightness control voltage 

at pin 11 of 2 V (note 9) AV 13,15,17-27 —_ V 
Difference in black level between 

the three channels without black 

current stabilization (note 10) 100 mV 
Control range of black-current stabilization 

at Vbq =3.V;V41-27=2V £2 V 
Black level shift with vision contents 40 mV 
Brightness control voltage range 
Brightness control input current 5 BA 
Variation of black level with temperature — mvV/ 
Variation of black level with contrast * 100 mV 
Relative spread between the R, G 

and B output signals 10 % 
Relative black-level variation between the 

three channels during variation of 

contrast, brightness and supply voltage 

(+ 10%) 20 mV 
Differential black-level drift 

over a temperature range of 40 °C * 20 mvV 
Blanking level at the RGB outputs 1.1 V 
Difference in blanking level 

of the three channels _ mV 
Differential drift of the blanking levels 

over a temperature range of 40 °C — mV 
Tracking of output black level 

with supply voltage ~ 
Tracking of contrast control between the 

three channels over a control range 

at 10 dB 0.5 dB 


* With respect to the measuring pulses. 
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Output signal during the clamp pulse (3L) 
after switch-on 


Signal-to-noise ratio of output signals 
(note 5) 

Residual 4,4 MHz signal at RGB outputs 
(peak-to-peak value) 

Residual 8.8 MHz signal. and higher 
harmonics at the RGB outputs 
(peak-to-peak value) 


Output impedance of RGB outputs I213,15,17-27! 


Frequency response of total luminance 
and RGB amplifier circuits 
for f = 0 to 5 MHz 


Current source of output stage 


Difference of black level at the three 
outputs at nominal brightness * 


Tracking of brightness control 


Data insertion (pins 12, 14 and 16) 


Input signals (peak-to-peak value) for an 
RGB output voltage of 4 V 
(peak-to-peak) at nominal contrast 


V12,14,16-27(p-p) 
Difference between the black levels 
of the RGB signals and the inserted 
signals at the output (note 11) 
Output rise time 


Differential delay time for the 
three channels 


Input current 


l12,14,16 


Data blanking (pin 9) 
Input voltage for no data insertion 


V9.27 
V9-27 
V9-27(m) 
tg 

Rg.27 


Input voltage for data insertion 
Maximum input voltage 

Delay of data blanking 

Input resistance 


Suppression of the internal RGB signals 
when Vg.97 > 0.9 V 


* With respect to the measuring pulses. 
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CHARACTERISTICS (continued) 


Sandcastle input (pin 7) 


Level at which the RGB blanking is | : 
activated 1 1.5 2 V 


Level at which the horizontal . 
pulses are separated 3 3.5 4 V 


Level at which burst gating and 
clamping pulse are separated 6.5 7.0 7.5 V 


Delay between black level clamping 
and burst gating pulse — 0.6 — LS 


Input current 
at V7.97=Oto1V — _ 1 mA 


at V7.97=1to85V ~ 50 — LA 
at V7.97=8.5 to 12 V _ _ 2 mA 


Black current stabilization (pin 18) 
D.C. bias voltage 3.5 5 7.0 V 


Difference between input voltage for | 
‘black’ current and leakage current -- 0.5 — V 


Input current during ‘black’ current lig — — 1 LA 
Input current during scan lig _ — 10 mA 
Internal limiting at pin 10 V 10-27 _ 9 — V 


Switching threshold for 
‘black’ current control ON V 4-27 —_ 8 — V 


Input resistance during scan R4.27 _ 1.5 _ kQ 


D.C. input current during scan 
at pins 10, 20 and 21 110,20,21 — _ 50 nA 


Maximum charge/discharge current during 
measuring time at pins 10,19,20 and 21 le/d — 10 — mA 


NTSC 


Level at which the PAL/NTSC switch is a 
activated (pins 24 and 25) V 94-25 _ 9 _ V 


Average output current (note 12) 194425 75 90 105 LA 
Hue control see Fig. 5 
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Notes to the characteristics 
1. Signal with the negative-going sync; amplitude includes sync amplitude. 
2. Indicated is a signal for a colour bar with 75% saturation; chrominance to burst ratio is 2.2 : 1. 


3. Nominal contrast is specified as the maximum contrast —5 dB and nominal saturation as the 
maximum saturation —6 dB. 


4. Cross coupling is measured under the following condition: input signal nominal, contrast and 
saturation such that nominal output signals are obtained. The signals at the output at which no 
signal should be available must be compared with the nominal output signal at that output. 


. The signal-to-noise ratio is defined as peak-to-peak signal with respect to r.m.s. noise. 
All frequency variations are referred to 4.4 MHz carrier frequency. 
These signal amplitudes are determined by the a.c.c. circuit of the reference part. 


ONO 


. The demodulators are driven by achrominance signal of equal amplitude for the (R-Y) and the (B-Y) 
components. The phase of the (R-Y) chrominance signal equals the phase of the (R-Y) reference 
signal. This also applies to the (B-Y) signals. 


9. This value depends on the gain setting of the RGB output amplifiers and the drift of the picture 
tube guns. Higher black level values are possible (up to 5 V) but in that application the amplitude 
of the output signal is reduced. 


10. The variation of the black-level during brightness control in the three different channels is directly 
dependent on the gain of each channel. Discolouration during adjustments of contrast and bright- 
ness does not occur because amplitude and the black-level change with brightness control are 
directly related. 


11. This difference occurs when the source impedance of the data signals is 150 Q and the black level 
clamp pulse width is 4 us (sandcastle pulse). For a lower impedance the difference will be lower. 


12. The voltage at pins 24 and 25 can be changed by connecting the load resistors (10 kQ2 in this 
application) to the slider bar of the hue control potentiometer (see Fig. 8). When the transistor is 
switched on, the voltage at pins 24 and 25 is reduced below 9 V, and the circuit is switched to 
NTSC mode. 
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Fig. 2 Contrast control voltage range. 
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Fig. 4 Difference between black level and 
measuring level at the RGB outputs (AV) 

as a function of the brightness control input 
voltage (V 44.97). 
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Fig. 3 Saturation control voltage range. 
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Fig. 5 Hue control voltage range. 


8-264 


Signetics Linear Products Product Specification 


PAL/NTSC Decoder TDA3562A 


lines | | I. tl ] ] | I T qT i) | | 

vertical blanking (V) | ] 

black level 

reference voltage (V+3H) 

blanking pulse (BL1) ] | | | | | | | | 

blanking pulse (BL2) | | | | | | | | | | 

blanking pulse (BL3) ] | | | | | | | | | 
| 

insertion pulse (3L) | 

(control via pin 11) 

black current | 

information pulse (M) 

(pin 18) 

clamp pulse (L1) bencomctanicemnin ated stall Reeesccideesmebe 

clamp pulse (L2) | | | 

clamp pulse (L3) | | | | 


| | 7286825 


retrace must t t end of vertical sync 
be completed from TDA2576A 
= 2142 line periods 


Fig. 6 Timing diagram for black-current stabilizing. 
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Application diagram showing the TDA3562A for a PAL decoder. 
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Fig. 8 Application diagram showing the TDA3562A for a PAL/NTSC decoder. 
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Fig. 9 PAL/SECAM application circuit diagram using the TDA3590 and TDA3562A. 


Note to pin 5 TDA3590: 


V5.2 <1 V; horizontal identification and black level clamping. 
V5.2 > 11 V; vertical identification and artificial black level. 
V5.2 = 5 to 7 V; horizontal identification and artificial black level. 
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GENERAL DESCRIPTION 


Product Specification 


TDA3563 


The TDA3563 is a monolithic integrated colour decoder for the NTSC standard. It combines all 
functions required for the identification and demodulation of NTSC signals. Furthermore it contains 
a luminance amplifier, an RGB-matrix and amplifier. These amplifiers supply signals up to 5,3 V 
peak-to-peak (picture information) enabling direct drive of the output stages. The circuit also 
contains inputs for data insertion, analogue as well as digital, which can be used for Teletext 


information, channel number display, etc. 


QUICK REFERENCE DATA 


Supply voltage (pin 1) Vp = V1.97 
Supply current (pin 1) Ip=14 
Luminance input signal 

(peak-to-peak value) V10-27(p-p) 
Chrominance input signal 

(peak-to-peak value) V3-27(p-p) 
Data input signals 

(peak-to-peak value) V 13;15;17-27(p-p) 
RGB output signals at nominal contrast and saturation 

(peak-to-peak value) V12:14;16-27(p-p) 


Contrast control range 
Saturation control range 


Input voltage for fast video-data signal switching V9.27 
Blanking input voltage V8.97 
Burst gating and black-level gating input voltage V3.97 


PACKAGE OUTLINE 
28-lead DIL; plastic, with internal heat spreader (SOT-117). 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 1) Vp =V 4.27. max. 13,2 V 
Total power dissipation Prot max. 1,7 W 
Storage temperature range Tstg —25 to+150 °C 
Operating ambient temperature range Tamb —25to +65 °C 


THERMAL RESISTANCE 
From junction to ambient (in free air) Rth j-a = 50 K/W 
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CHARACTERISTICS 
Vp = V1.97 = 12 V; Tamb = 25 OC; unless otherwise specified 


— \aae | ol a lo ae 


Supply (pin 1) 
Supply voltage 


Vp = V 1-27 
Ip= ly 
Prot 


Supply current 
Total power dissipation 


Luminance amplifier 


Input voltage (note 1) 
(peak-to-peak value) 


V10-27(p-p) 
Contrast control range (see Fig. 2) 


Control voltage for an attenuation 
of 40 dB 


Contrast control input current 


Chrominance amplifier 


Input voltage (note 2) 
(peak-to-peak value) 


V3-27(p-p) 
A.C.C. control range 


Change of the burst signal at the 
output over the whole control range 


Output voltage (note 3) 
(peak-to-peak value) 
at a burst signal of 0,3 V peak to peak 


Maximum output voltage range 
(peak-to-peak value); Ry = 2 kQ 


Frequency response between 0 and 5 MHz 


Saturation control range (see Fig. 3) 


Saturation control input current 


Output impedance of chrominance 
amplifier 


I228-271 


Output current log 


Reference part 


Phase-locked loop 
Catching range (note 4) 
Phase shift (notes 4 and 5) 


Oscillator 


Temperature coefficient of oscillator 
frequency (note 4) 


Frequency variation when supply voltage 
increases from 10 V to 13,2 V (note 4) 
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Reference part (continued) 
Oscillator (continued) 
Input resistance (pin 26) 
Input capacitance (pin 26) 


A.C.C. generation (pin 2) 
Control voltage at nominal input signal 


Control voltage without chrominance 
input 


Colour-off voltage 


Colour-on voltage 


Hue control 
Control range 


Demodulator part 


Input burst signal amplitude 
(peak-to-peak value) 


Ratio for demodulated signals for equal 
input signal amplitudes 


(B-Y)/(R-Y) 


(G-Y)/(R-Y); no (B-Y) signal 


(G-Y)/(B-Y); no (R-Y) signal 


Frequency response between 0 and 1 MHz 


RGB matrix and amplifiers 


Output voltage (note 3) 
(peak-to-peak value) 
at nominal luminance/contrast 
(black-to-white) 


Maximum peak-white level (note 6) 
Maximum output current 


Output black level voltage 
for brightness control of 2 V 


Brightness control voltage range 
Brightness control input current 


Relative spread between R, G and B 
output signals 


Blanking level at RGB outputs 


Tracking of output black level 
with supply voltage 


V12-27 


R26-27 
C26-27 


V2.27 


V2.27 
V2.27 
V2.27 


V21-27(p-p) 


V 16-27 
V 12-27 
V 14-27 


1,06+ 10% 


—0,27+20% 


V 14-27 
V 16-27 


—0,2+ 20% 


V142:14:16-27 | 4,5 
V12;14;16-27 | 9,0 
112-14:16 
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CHARACTERISTICS (continued) 


Cees | vm in [mam | 


RGB matrix and amplifiers (continued) | 
Output impedance of RGB outputs IZ42:14:16-27| 


Frequency response of total 
luminance and RGB amplifier 
circuits for f = 0 to 5 MHz 


Data insertion 


Input signals (peak-to-peak value) 
for an RGB output voltage of 5 V 


(peak-to-peak) V13:15;17-27(p-p) : 


Data blanking (pin 9) 

Input voltage for no data insertion V9.27 
Input voltage for data insertion V9.27 
Maximum input voltage V9-27(m) 
Delay of data blanking 

Input current 


Sandcastle input (pin 8) 


Level at which RGB blanking is 
activated 


Level at which burst gating and 
clamping pulse are separated 


Delay between black level clamping 
and burst gating pulse 


Input current 
atVg.97=OtoiV 
at Vg.97=1to8,5V 
at Vg.97 = 8,5 to 12 V 


Notes to the characteristics 
1. Signal with negative-going sync; amplitude includes sync amplitude. 
2. Indicated is a signal for a colour bar with 75% saturation; chrominance to burst ratio is 2,2 : 1 


3. At nominal contrast and saturation. Nominal contrast is specified as the maximum contrast —3 dB 
and nominal saturation as the maximum saturation —6 dB. 


4. All frequency variations are referred to 3,58 MHz carrier frequency. 
5. For + 400 Hz deviation of the oscillator frequency. 


6. If the typical voltage for this white level is exceeded, the output voltage is reduced by discharging 
the capacitor at pin 7 (contrast control); discharge current is 1,5 mA. 
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APPLICATION INFORMATION 
The function is described against the corresponding pin number. 


1. +12 V power supply 


The circuit gives good operation in a supply voltage range between 8 and 13,2 V provided that the 
supply voltage for the controls is equal to the supply voltage of the TDA3563. All signal and control 
levels have a linear dependency on the supply voltage. The current consumed by the IC at + 12 V is 
typically 85 mA. It is linearly dependent on the supply voltage. 


2. Control voltage for identification 


The output pulses of the a.c.c. detector are detected with a sample-and-hold circuit to obtain 
information for the colour killer. The output is available at pin 2. 


3. Chrominance input 


The chrominance signal must be a.c.-coupled to the input. Its amplitude must be between 55 and 
1100 mV peak-to-peak (25 to 500 mV peak-to-peak burst signal). All figures for the chrominance 
signals are based on a colour bar signal with 75% saturation, that is if the burst-to-chrominance ratio 
of the input is 1: 2,2. 


4. Control voltage a.c.c. detector 


The shifted burst signal is synchronously demodulated in a separate a.c.c. detector to generate the 
a.c.c. voltage. The output pulses of this detector are peak detected to control the gain of the 
chrominance amplifier, thus preventing blooming-up of the colour during weak signal reception. 


5. Decoupling of the 90° phase shift circuit 


A control circuit is required in the 90° phase shift circuit to make the chrominance voltage independent 
of the hue setting. The control circuit is decoupled by a capacitor at this pin. 


6. Saturation control 


The saturation control range is in excess of 50 dB. The control voltage range is 2 to 4 V. Saturation 
control is a linear function of the control voltage. 


When the colour killer is active, the saturation control voltage is reduced to a low level if the 
resistance of the external control network is sufficiently high. Then the chrominance amplifier 
supplies no signal to the demodulator. Colour switch-on can be delayed by proper choice of the time 
constant for the saturation control setting circuit. 


When the saturation control pin is connected to the power supply the colour killer circuit is overruled 
so that the colour signal is visible on the screen. In this way it is possible to adjust the oscillator frequency 
without using a frequency counter (see also pins 24 and 26). 


7. Contrast control 


The contrast control range is 20 dB for a control voltage change from +2 V to +4 V. Contrast control 
is a linear function of the control voltage. The output signal is suppressed when the control voltage is 

1 V or less. If one or more output signals surpasses the level of 9 V the peak-white limiter circuit 
becomes active and reduces the output signals via the contrast control by discharging a 10 uF capacitor 
via an internal current sink. 


8. Sandcastle and vertical blanking input 


The output signals are blanked if the amplitude of the pulse is between 2 V and 6,5 V. The burst gate 
and clamping circuits are activated if the input pulse exceeds a level of 7,5 V. The higher part of the 
sandcastle pulse should start just after the sync pulse to prevent clamping of the video signal on the 
sync pulse. The duration should be about 4 us for proper a.c.c. operation. 
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9. Video-data switching 


The insertion circuit is activated by means of this input by an input pulse between 1 and 2 V. In that 
condition, the internal RGB signals are switched off and the inserted signals are supplied to the 
output amplifiers. If only normal operation is wanted this pin should be connected to ground (pin 27). 


The switching times are very short (< 20 ns) to avoid coloured edges of the inserted signals on the screen. 


10. Luminance signal input 


The input signal should have a peak-to-peak amplitude of 0,45 V (peak-white to sync) to obtain a 
black-white output signal of 5,3 V at nominal contrast. It must be a.c.-coupled to the input by a capacitor 
of about 22 nF. The signal is clamped at the input to an internal reference voltage. The 1 k&2 luminance 
delay line can be applied because the luminance impedance is very high. Consequently the charging 

and discharging currents of the coupling capacitor are very small and do not influence the signal level 

at the input noticeably. Additionally the coupling capacitor value may be small. 


11. Brightness control 


The black level of the RGB outputs can be set by the voltage on this pin (see Fig. 4). The minimum 
black level is identical to the blanking level. The black level can be set higher than 4 V, however, the 
available output signal amplitude is reduced (see also pin 7). Brightness control also operates on the 
black level of the inserted signals. 


12, 14, 16. RGB outputs 


The output circuits for red, green and blue are identical. Output signals are 5,3 V (black-white) for 
nominal input signals and control settings. The black levels of the three outputs have the same value. 
The blanking level at the outputs is 2,1 V. The peak-white level is limited to 9 V. When this level is 
exceeded the output signal amplitude is reduced via the contrast control (see also pin 7). 


13, 15, 17. Inputs for external RGB signals 


The external signals must be a.c.-coupled to the inputs via a coupling capacitor of about 100 nF. 
Source impedance should not exceed 150 (2. The input signal required for a 5 V peak-to-peak output 
signal is 1 V peak to peak. At the RGB outputs the black level of the inserted signal is identical to that 
of normal RGB signals. When these inputs are not used the coupling capacitors have to be connected 
to ground (pin 27). 


18, 19, 20. Black level clamp capacitors 

The black level clamp capacitors for the three channels are connected to these pins. The value of each 
capacitor should be about 100 nF. 

21, 22. Demodulator input and reference signal phase adjustment 


The (R-Y) and (B-Y) demodulator inputs are internally connected (pin 21). The phase angle between 
the two reference carriers is 1159. At the nominal hue adjustment the (B-Y) signal is demodulated with 
a difference of 0°. The phase shift of 115° can be changing the voltage at pin 22. The gain at the two 
demodulators is identical. The (G-Y) is composed of —0,27(R-Y) —0,22(B-Y). 


23, 25. Hue control 


The hue control is obtained by changing the phase of the input signal of the burst phase detector with 
respect to the demodulator input signal. This phase shift is obtained by generating a 90° shifted sine- 
wave via a Miller integrator (biased via pin 23) which is mixed with the original burst signal. 
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APPLICATION INFORMATION (continued) 


24, 26. Reference oscillator 


As the burst phase detector has an asymmetrical output the oscillator can be adjusted by changing the 
voltage of the output (pin 24) via a high-ohmic resistor. The capacitor in series with the oscillator 
crystal must then have a fixed value. When pin 6 (saturation control) is connected to the positive supply 
line the burst phase detector is based in its nominal position and the colour killer is overruled. This 
position can therefore be used for the adjustment of the oscillator. | 


27. Ground. 


28. Output of the chrominance amplifier 
The (R-Y) and (B-Y) demodulator input (pin 21) is a.c.-coupled to this output. 
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GENERAL DESCRIPTION 


The TDA3564 is a monolithic integrated decoder for the NTSC colour television standards. It combines 
all functions required for the demodulation of NTSC signals. Furthermore it contains a luminance 
amplifier, an RGB-matrix and amplifier. These amplifiers supply output signals up to 5 V peak-to-peak 
(picture information) enabling direct drive of the discrete output stages. 


QUICK REFERENCE DATA 


Supply voltage (pin 1) Vp=V1.23 typ. 12 V 
Supply current (pin 1) Ip=l4 typ. 85 mA 


Luminance input signal (pin 9) 
Input voltage (peak-to-peak value) | V9.23(p-p) typ. 450 mV 
Contrast control range typ. —17to+3 dB 


Chrominance amplifier (pin 3) 


Input voltage range 
(peak-to-peak value) V3-23(p-p) 55 to 1100 mV 


Saturation control range min. 50 dB 


RGB matrix and amplifiers 


Output voltage at nominal luminance 
input signal and nominal contrast 


(peak-to-peak value) V13, 14, 15-23(p-p) __tyP. 5 V 
Sandcastle input (pin 8) 
Blanking input voltage V8.93 typ. 1,5 V 
Burst gating and clamping input voltage V8.93 typ. 7V 


PACKAGE OUTLINE 
24-lead DIL; plastic, with internal heat spreader (SOT-101A, B). 
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FUNCTIONAL DESCRIPTION 
Luminance amplifier 


The luminance amplifier is voltage driven and requires an input signal of 450 mV peak-to-peak (positive 
video). The luminance delay line must be connected between the i.f. amplifier and the decoder. The 
input signal is a.c. coupled to the input (pin 9). 


The black level at the output of the preamplifier is clamped to a fixed d.c. level by the black level 
clamping circuit. The high input impedance of the luminance amplifier minimizes disturbance of the 
input signal black level by the source impedance (delay line matching resistors). 


During clamping the low input impedance reduces noise and residual signals. After clamping the signal 
is fed to a peaking stage. The overshoot is defined by the capacitor connected to pin 10 and the peaking 
is adjusted by the control voltage at pin 11. 


The peaking stage is followed by a contrast control stage. The contrast contro! voltage range (pin 7) is 
nominally —17 to + 3 dB. The linear relationship between the contrast control voltage and the gain is 
shown in Fig. 2. 


Chrominance amplifier 


The chrominance amplifier has an asymmetrical input. The input signal must be a.c. coupled (pin 3) 
and have a minimum amplitude of 55 mV peak-to-peak. The gain control stage has a control range in 
excess of 30 dB, the maximum input signal must not exceed 1,1 V peak-to-peak, otherwise clipping of 
the input signal will occur. From the gain control stage the chrominance signal is fed to the saturation 
and contrast control stages. Chrominance and luminance contrast control stages are directly coupled 
to obtain good tracking. Saturation is linearly controlled via pin 6 (see Fig. 3). The control voltage 
range is 2 V to 4 V, the input impedance is high and the saturation control range is in excess of 50 dB. 
The burst signal is not affected by saturation control. The output signal at pin 24 is a.c. coupled to the 
demodulators via pin 17. 


Oscillator and a.c.c. detector 


The 7,16 MHz reference oscillator operates at twice the subcarrier frequency. The reference signals for 
the (R-Y) and (B-Y) demodulators, burst phase detector and a.c.c. detector are obtained via the 
divide-by-2 circuit, which provides a 90° phase shift. The oscillator is controlled by the burst phase 
detector, which is gated with the narrow part of the sandcastle pulse (pin 8). As the burst phase 
detector has an asymmetrical output the oscillator can be adjusted by changing the voltage of the 
output (pin 21) via a high-ohmic resistor. The capacitor in series with the oscillator crystal must then 
have a fixed value. When pin 6 (saturation control) is connected to the positive supply line the burst 
signal is suppressed and the colour killer is overruled. This position can therefore be used for adjustment 
of the oscillator. The adjustment is visible on the screen. 


The hue control is obtained by changing the phase of the input signal of the burst phase detector with 
respect to the chrominance signal applied to the demodulators. This phase shift is obtained by gener- 
ating a 90° shifted sine-wave via a Miller integrator (biased via pin 19) which is mixed with the 

original burst signal. A control circuit is required in the 90° phase shift circuit to make the chrominance 
voltage independent of the hue setting. This control circuit is decoupled by a capacitor connected to | 
pin 5, 


Oscillator and a.c.c. detector 


As the shifted burst signal is synchronously demodulated in a separate a.c.c. detector to generate the 
a.c.c. voltage, it is not affected by the hue control. The output pulses of this detector are peak detected 
(pin 4) to control the gain of the chrominance amplifier, thus preventing blooming-up of the colour 
during weak signal reception. This ensures reliable operation of the colour killer. During colour killing 
the colour channel is blocked by switching-off saturation control and the demodulators. 
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FUNCTIONAL DESCRIPTION (continued) 
Demodulators 


The (R-Y) and (B-Y) demodulators are driven by the chrominance signal (pin 24) and the reference 
signals from the 7,16 MHz divider circuit. The phase angle between the two reference carriers is 115°. 
This is achieved by the (R-Y) demodulator receiving an additional phase shift by mixing the two signals 
from the divider circuit. The phase shift of 115° can be varied between 90° and 140° by changing the 
bias voltage at pin 18. The demodulator output signals are fed to R and B matrix circuits and to the 
(G-Y) matrix to provide the (G-Y) signal which is applied to the G matrix. The demodulator circuits 
are killed and blanked by by-passing the input signals. 


RGB matrix and amplifiers 


The three matrix and amplifier circuits are identical and only one circuit will be described. 

The luminance and the colour difference signals are added in the matrix circuit to obtain the colour 
signal. Output signals are 5 V(p-p) (black-white) for the following nominal input signals and control 
settings. 


@ Luminance 450 mV (p- ) 

@® Chrominance 550 mV (p-p) (burst-to-chrominance ratio of the input 1: 2,2) 
® Contrast —3 dB max. 

@ Saturation —6 dB max. 


The maximum output voltage is approximately 7 V(p-p): 

The black level of the blue channel is compared with a variable external reference level (pin 12) which 
provides brightness control. The brightness control range is 1 V to 3,2 V (see Fig. 4). The control 
voltage is stored in a capacitor (connected to pin 16) and controls the black level at the output (pin 15) 
between 2 V and 4 V, viaa change of the level of the luminance signal before matrixing. 


Note 

Black levels of up to approximately 6 V are possible, but amplitude of the output signal is reduced to 
3 Vp-p): 

If the output signal surpasses the level of 9 V the peak-white limiter circuit becomes active and reduces 
the output signal via the contrast control. 


Blanking of RGB signals 


The RGB signals can be blanked via the sandcastle input (pin 8). A slicing level of 1,5 V is used for 
this blanking function, so that the wide part of the sandcastle pulse is separated from the remainder 
of the pulse. During blanking a level of + 2 V is available at the output. 


RATINGS | 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 1) Vp =V41.23 max. 13,2 V 
Total power dissipation Prot max. 1,7 W 
Storage temperature range Tstg —25 to + 150 °C 
Operating ambient temperature range Tamb —25 to +65 °C 


THERMAL RESISTANCE 
From junction to ambient (in free air) Rth j-a = 50 K/W 
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CHARACTERISTICS 
Vp = V1-23 = 12 V; Tamb = 25 OC; unless otherwise specified 


parameter 


Supply (pin 1) 
Supply voltage 
Supply current 
Total power dissipation 


Luminance amplifier (pin 9) 


Input voltage (note 1) 
(peak-to-peak value) 


Input level before clipping 

Input current 

Contrast control range (see Fig. 2) 

Control voltage for an attenuation of 40 dB 


Input current contrast control 


Peaking of luminance signal 


t 
' 


i 
1 
{ 


Output impedance (pin 10) (1210-23! 


Ratio of internal/external current when 
pin 10 is short-circuited 


Control voltage for peaking adjustment 
(pin 11) 


Input impedance (pin 11) 


Chrominance amplifier (pin 3) 


Input voltage (note 2) 
(peak-to-peak value) 


V3-23(p-p) 
Input impedance | 
Input capacitance 
A.C.C. control range 
Change of the burst signal at the output 
over the whole control range 
Gain at nominal contrast/saturation 
pin 3 to pin 24 (note 3) 


Output voltage (note 3) 

(peak-to-peak value) 

at a burst signal of 300 MV(p.p) V24-23(p-p) 
Maximum output voltage range (pin 24) 

(peak-to-peak value) V24-23(p-p) 
Distortion of chrominance amplifier | 

at V24.23(p-p) = 9,5 V (output) 

up to V3.93(p-p) = 1 V (input) 
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CHARACTERISTICS (continued) 


parameter 


Chrominance amplifier (continued) 
Frequency response between 0 and 5 MHz 
Saturation control range (see Fig. 3) 

Input current saturation control (pin 6) 


Tracking between luminance and 
chrominance contrast control 


Cross-coupling between luminance and 
chrominance amplifier (note 4) 


Signal-to-noise ratio 
at nominal input signal (note 5) 


Phase shift between burst and chrominance 
at nominal contrast/saturation 


Output impedance of chrominance amplifier 
Output current 


Reference part 
Phase-locked loop 
Catching range (note 6) 


Phase shift for + 400 Hz deviation 
of fose (note 6) 


Oscillator 


Temperature coefficient of oscillator 
frequency (note 6) 


Frequency variation when supply voltage 
increases from 10 to 13,2 V (note 6) 


Input resistance (pin 22) 


Input capacitance (pin 22) 


A.C.C. generation (pin 2) 

Control voltage at nominal input signal 
Control voltage without chrominance input 
Colour-off voltage 

Colour-on voltage 


Change in burst amplitude 
with supply voltage 


Voltage at pin 4 at nominal input signal 


Hue control 
Control range 


Control voltage range 
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min. | typ. max. 
— — —2 dB 
50 — — dB 
— — 20 LA 
— — 2 dB 
— — —46 | dB 
56 - — dB 
= — +5 deg 
— 25 — | Q 
~ ~ 10 i mA 
500 | 700 | — Hz 
= as 5 | deg 
| 
— | —1,5} — | Hz/K 
| 
— | 40 — Hz 
— 300 | — Q 
se = 10 pF 
— 5,3 — V 
~ 2,8 — V 
— 3,4 _ V 
— 3,6 — V 
independent 
— 5,2 — V 
+50 | —- — deg 
see Fig. 5 V 
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parameter symbol min. | typ. | max. | unit 


Demodulator part 
Input burst signal amplitude (pin 17) 


(peak-to-peak value) V17-23(p-p) _ 320 | — mV 
Input impedance (pin 17; note 7) 1247-231 _ 2 — kQ 
Ratio of demodulated signals V15-23 

(B-Y)/(R-Y) _ 11 |- 

V13-23 
V14. 
(G-Y)/(R-Y); no (B-Y) signal ee ~ |o26 |- 
V 13-23 | 
, V14- 
(G-Y)/(B-Y); no (R-Y) signal ie _ 0,22 | — 
V15-23 
Frequency response between 0 and 1 MHz — — —3 | dB 
Cross-talk between colour difference signals 40 — — | dB 
Control range reference signal | 

(R-Y) demodulator (pin 18; note 8) ) see Fig. 6 deg 
RGB matrix and amplifiers | 
Output voltage (peak-to-peak value) | | 

at nominal input signal 

(black-to-white) (note 3) V13,14,1 5-23(p-p) | — 5 _ | V 
Output voltage at pin 13 (peak-to-peak value) | | 

at nominal contrast/saturation | | 

and no luminance signal to (R-Y) V13-23(p-p) — 5,25 | — |v 
Maximum peak-white level (note 9) V13,14,15-23 90 1/93 |96 IV 
Maximum output current (pins 13, 14, 15) 113.14,15 _ - 10 | mA 
Output black level voltage for a brightness | 

control voltage at pin 12 of 2 V V13,14,15-23 ie 27 |- | V 
Black level shift with vision contents | — — 40 mV 
Brightness control voltage range | see Fig. 4 V 
Brightness control input current 1492 _ —_ 5 LA 
Variation of black level | 

with temperature AV/AT _ 0,35 | 1,0 mV/K 

with contrast AV | — 10 100 | mV 
Relative spread between 

the R, G and B output signals — _ 10 % 
Relative black-level variation 

between the three channels during 

variation of contrast, brightness and 

supply voltage — 0 20 mV 
Differential black-level drift over a 

temperature range of 40 °C — 0 20 mV 
Blanking level at the RGB outputs 1,9 2,1 2,3 V 
Difference in blanking level of the three channels — 0 — mV 
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CHARACTERISTICS (continued) 


parameter 


RGB matrix and amplifiers (continued) 


Differential drift of the blanking levels 
over a temperature range of 40 °C 


Tracking of output black level with 
supply voltage 


Signal-to-noise ratio of output signals 
(note 5) 


Residual 7,1 MHz signal and higher 
harmonics at the RGB outputs 
(peak-to-peak value) 


Output impedance of RGB outputs IZ13,14,15-23| 


Frequency response of total luminance and 
RGB amplifier circuits for f = 0 to 5 MHz 


Sandcastle input (pin 8) 
Level at which the RGB blanking is activated 


Level at which.burst gating-and.clamping.__ 
pulse are separated 


Delay between black level clamping and 
burst gating pulse 


Input current 
at Vg.93=OtolV 


at Vg.93=1to85V 
at Vge.93=8,5to 12 V 


Notes to the characteristics 


1. Signal with the negative-going sync; amplitude includes sync amplitude. 
2. Indicated is a signal for a colour bar with 75% saturation; chrominance to burst ratio is 2,2 : 1. 
3. Nominal contrast is specified as the maximum contrast —3 dB and nominal saturation as the 
maximum saturation —6 dB. 
4. Cross coupling is measured under the following conditions: 
@ Input signals nominal 
@ Contrast and saturation such that nominal output signals are obtained 
@ The signals at the output at which no signal should be available must be compared with the 
nominal output signal at that output. 
. The signal-to-noise ratio is defined as peak-to-peak signal with respect to r.m.s. noise. 
. All frequency variations are referred to 3,58 MHz carrier frequency. 
. These signal amplitudes are determined by the a.c.c. circuit of the reference es 
. When pin 18 is open circuit the phase shift between the (R-Y) and (B-Y) reference carrier is 115°. 
This phase shift can be varied by changing the voltage applied to pin 18. 
9. If the typical voltage for this white level is exceeded, the output voltage is reduced by dischacaite 
the capacitor at pin 7 (contrast control); discharge current is 1,5 mA. 


OoOnN OO Oo 
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Monolithic Integrated Delay Line and Filter Combination 


for NTSC Television Receivers 


DESCRIPTION 

Monolithic integrated delay line and filter 
combination for NTSC television receiv- 
ers. It is intended to be used in combina- 


tion with the NTSC-decoder TDA3563. 


BLOCK DIAGRAM 


AUTOMATIC 


CHROMA 
' {LEVELING 


September 1985 


FEATURES 

e Combination filter interface for 
glass delay line 

e Luminance delay line 

e Peaking circuit for the luminance 
signal . 

e Differentiated luminance signal 
outputs which can be used for 


driving Scan Velocity Modulation | 


circuits 
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e Automatic chroma leveling circuit 
to avoid heavy oversaturated 
pictures for non-standard signals 

@ Tuning circuit which compensates 
for spreads of gyrator cells which 
are used in the various functions. 


10 
? LUMINANCE 


BDO1090S 
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GENERAL DESCRIPTION 


The TDA4555 and TDA4556 are monolithic integrated multistandard colour decoders for the PAL, 
SECAM, NTSC 3,58 MHz and NTSC 4,43 MHz standards. The difference between the TDA4555 and 
the TDA4556 is the polarity of the colour difference output signals (B-Y) and (R-Y). 


Features 
Chrominance part 


@® Gain controlled chrominance amplifier for PAL, SECAM and NTSC 

@ ACC rectifier circuits (PAL/NTSC, SECAM) 

@ Burst blanking (PAL) in front of 64 us glass delay line 

@ Chrominance output stage for driving the 64 us glass delay line (PAL, SECAM) 
@ Limiter stages for direct and delayed SECAM signal 

@ SECAM permutator 


Demodulator part 


Flyback blanking incorporated in the two synchronous demodulators (PAL, NTSC) 

PAL switch 

Internal PAL matrix 

Two quadrature demodulators with external reference tuned circuits (SECAM) 

Internal filtering of residual carrier 

De-emphasis (SECAM) 

Insertion of reference voltages as achromatic value (SECAM) in the (B-Y) and (R-Y) colour difference 
output stages (blanking) 


identification part 


Automatic standard recognition by sequential inquiry 

Delay for colour-on and scanning-on 

Reliable SECAM identification by PAL priority circuit 

Forced switch-on of a standard 

Four switching voltages for chrominance filters, traps and crystals 

Two identification circuits for PAL/SECAM (H/2) and NTSC 

PAL/SECAM flip-flop 

SECAM identification mode switch (horizontal, vertical or combined horizontal and vertical) 
Crystal oscillator with divider stages and PLL circuitry (PAL, NTSC) for double colour subcarrier 
frequency 

HUE control (NTSC) 

Service switch 


QUICK REFERENCE DATA 


Supply voltage (pin 13) Vp=V13-9 _ typ. 12 V 
Supply current (pin 13) Ip=143 typ. 65 mA 
Chrominance input signal (peak-to-peak) V15-9(p-p) 20 to 200 mV 
Chrominance output signal (peak-to-peak) V12-9(p-p) __tYP. 1,6 V 
Colour difference output signals (peak-to-peak values) 

TDA4555: —(R-Y); TDA4556: + (R-Y) V 1-9(p-p) typ. 1,005 V +2dB 

TDA4555: —(B-Y); TDA4556: + (B-Y) V3-9(p-p) typ. 1,33 V+2dB 
Sandcastle pulse; required amplitude for 

vertical and horizontal pulse separation V94-9 typ. 2,5 V 

horizontal pulse separation V94-9 typ. 45 V 

burst gating © V24-9 typ. 7,1 NV 


PACKAGE OUTLINE 
28-lead DIL; plastic (SOT-117). 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 13) Vp=V13.9 max. 13,2 V 
Voltage range at pins 10, 11, 17, 23, 24, 25, 26, 27, 

28 to pin 9 (ground) Vn-9 Oto Vp V 
Current at pin 12 42 max. 8 mA 
Peak value l4om max. 15 mA 
Total power dissipation Prot max. 1,4 W 
Storage temperature range Tstg —25 to +150 OC 
Operating ambient temperature range Tamb Oto +70 °C 
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CHARACTERISTICS 
Vp = V13-9 = 12 V; Tamb = 25 OC; measured in Fig. 1; unless otherwise specified 


Lo 


Supply (pin 13) 
Supply voltage range 


Supply current 


Chrominance part 


Chrominance input signal (pin 15) 
input voltage with 75% colour bar signal 
(peak-to-peak value) 


V15-9(p-p) 
input impedance IZ15-9| 


Chrominance output signal (pin 12) 
output voltage 
(peak-to-peak value) 


V12-9(p-p) 


output impedance 
(n-p-n emitter follower) 


IZ42.9| 


d.c, output voltage V12-9 


Input for delayed signal (pin 10) 
d.c. input current 


40 


input resistance R10-9 


Demodulator part (PAL/NTSC) 


Colour difference output signals 
output voltage (proportional to V 73.9) 
(peak-to-peak value) 
TDA4555 


— (R-Y) signal (pin 1) 
— (B-Y) signal (pin 3) 
TDA4556 

+(R-Y) signal (pin 1) 

+ (B-Y) signal (pin 3) 


Ratio of colour difference output signals 
(R-Y)/(B-Y) 


Residual carrier (subcarrier frequency) 
(peak-to-peak value) 


V'1-9(p-p) 
V3-9(p-p) 


V1-9(p-p) 
V3-9(p-p) 


1,33 Vt2dB 


V1/3-9 0,79 +10% 


V1,3-9(p-p) 
Residual carrier (PAL only) 
(peak-to-peak value) 


H/2 ripple at (R-Y) output (pin 1) 
(peak-to-peak value) 
without input signal 


V'1,3-9(p-p) 


V'1-9(p-p) 
D.C. output voltage 

n-p-n emitter follower with 
internal current source of 0,3 mA 
output impedance 


V1,3-9 
IZ1,3-9 
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Demodulator part (SECAM) 


Colour difference signals (see note 1) 
output voltage (proportional to V 43.9) 
(peak-to-peak value) 


TDA4555 

—(R-Y) signal (pin 1 V1-9(p-p) 1,05 V 

— (B-Y) signal (pin 3) V3-9(p-p) 1,33 V 

TDA4556 

+(R-Y) signal (pin 1) V 1-9(p-p) 1,05 V 

+ (B-Y) signal (pin 3) V3-9(p-p) 1,33 V 
Ratio of colour difference output signals 

(R-Y)/(B-Y) V1/3-9 0,79* + 10% 
Residual carrier (4 to 5 MHz) 

(peak-to-peak value) V1,3-9(p-p) 20 mV 
Residual carrier (8 to 10 MHz) 

(peak-to-peak value) V 1,3-9(p-p) 20 mV 
H/2 ripple 


at (R-Y) (B-Y) outputs (pins 1 and 3) 
(peak-to-peak value) 
with f, signals V1,3-9(p-p) mV 
D.C. output voltage V1,3-9 V 
Shift of inserted levels relative to levels 
of demodulated f, frequencies (IC only) | AV/AT(R-Y) mvV/K 
AV/AT(B-Y) mvV/K 
HUE control (NTSC)/service switch | 


Phase shift of reference carrier 


atV17.9=2V deg 
atV179=3V deg 
atV17.9=4V deg 
Input resistance kQ 
Service position 
Switching voltage (pin 17) 
burst OFF; colour ON 
| (for oscillator adjustment) V 
| HUE control OFF; colour ON 
| (for forced colour ON) V 
Crystal oscillator (pin 19) 
For double colour subcarrier frequency 
input resistance Q 
lock-in-range - 
referred to subcarrier frequency Hz 


* Value measured without influence of external circuitry. 
** Relative to phase at V17.9 = 3 V. 
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Advance Information 


Multistandard Decoder 


CHARACTERISTICS (continued) 


parameter 


Identification part 


Switching voltages for chrominance filters 


and crystals 
at pin 28 (PAL) 
at pin 27 (SECAM) 
at pin 26 (NTSC 3,58 MHz) 
at pin 25 (NTSC 4,43 MHz) 


Control voltage OFF state 


Control voltage ON state 
during scanning; colour OF F 


colour ON 
Output current 


Voltage for forced switching ON 
PAL 


SECAM 
NTSC 3,58 MHz 
NTSC 4,43 MHz 


Delay time for | 
restart of scanning 


colour ON 
colour OFF 
SECAM identification (pin 23) 


Input voltage for 
horizontal identification (H) 


vertical identification (V) 
combined (H) and (V) identification 


Sequence of standard inquiry 
PAL-SECAM-NTSC 3,58 MHz-NTSC 
4,43 MHz 


Reliable SECAM identification by PAL 
priority circuit 


Scanning time for each standard 


September 1985 


TDA4559/56 


V25,26,27,28-9 


V25,26,27,28-9 
V25,26,27,28-9 
—125,26,27,28-9 


V28-9 
V27-9 
V26-9 
V25-9 


tas 2 to 3 vertical periods 


tdc1 2 to 3 vertical periods 
tac2 0 to 1 vertical periods 


V23-9 
V23-9 
V23-9 


4 vertical periods 
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Multistandard Decoder TDA4555/56 


Sandcastle pulse detector (see note 2) 


Input voltage pulse levels (pin 24) 
to separate vertical and horizontal 
blanking pulses V94-9 


required pulse amplitude V24-9(p-p) 
to separate horizontal blanking pulse V94-9 


required pulse amplitude V24-9(p-p) 


to separate burst gating pulse V94-9 

required pulse amplitude V24-9(p-p) 
Input voltage during horizontal scanning V24-9 
Input current —|9q4 


Notes to the characteristics 


1. The signal amplitude of the colour difference signals (R-Y) and B-Y) is dependent on the character- 
istics of the external tuned circuits at pins 7, 8 and 4, 5 respectively. Adjustment of the amplitude 
is achieved by varying the Q-factor of these tuned circuits. The resonant frequency must be adjusted 
such that the demodulated output frequency (f,)) provides the same output level as the internally 
inserted reference voltage (achromatic value). 


2. The sandcastle pulse is compared with three internal threshold levels, which are proportional to the 
supply voltage. 
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SECAM reference 
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PF identification 


reference 


3,3 
kQ 


service BC548 
switch 
i ear a 
(c)] (b) | (a) 10 kQ 10kQ 
hue 
7 7 (3) 
+6V +12V +12V NTSC 3,58 PAL NTSC 4,43 


Service switch 


(a) colour ON; hue OFF 
(c) colour ON; burst OFF 


Fig. 2 Application diagram. 


SECAM reference 
Vp (R-Y) (B-Y) 


NTSC 4,43 
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colour difference outputs 
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I 
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TDA4556 : + (B-Y) 
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luminance 
(Y) 


FILTER 


composite 
PAL/NTSC video 
input 
1V (p-p) 
chrominance 
signal 
7287837 


SIONPOld JOSeEU!] SONEUBIS 


JOPOOEG PIDPUDISHINW 


9G/SSSVVAL 
UOLJOWUUOJU| SOUDAPY 


Signetics Linear Products Product Specification 


Color Transient Improvement Circuit TDA4560 


GENERAL DESCRIPTION 


The TDA4560 is a monolithic integrated circuit for colour transient improvement (CTI) and luminance 
delay line in gyrator technique in colour television receivers. 


Features 


® Colour transient improvement for colour difference signals (R-Y) and (B-Y) with transient detecting-, 
storage- and switching stages resu!ting in high transients of colour difference output signals 
@ A luminance signal path (Y) which substitutes the conventional Y-delay coil with an integrated 
Y-delay line 
. © Switchable delay time from 720 ns to 1035 ns in steps of 45 ns 
@ Output for the option of velocity modulation 


QUICK REFERENCE DATA 


Supply voltage (pin 10) Vp=V10-18_ typ. 12 V 
Supply current (pin 10) Ip=110 typ. 35 mA 
(R-Y) and (B-Y) attenuation Ocd typ. O dB 
(R-Y) and (B-Y) output transient time ttr typ. 150 ns 
Adjustable Y-delay time tq 720 to 1035 ns 
Y-attenuation Oy typ. 7 dB 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT-102CS). 
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Color Transient Improvement Circuit 7 = : TDA4560 


FUNCTIONAL DESCRIPTION 


The IC consists of two colour difference channels (B-Y) and (R-Y) and a luminance signal path (Y) as 
shown in Fig. 1. 


Colour difference channels 


The (B-Y) and (R-Y) colour difference channels consist of a buffer amplifier at the input, a switching 
stage and an output amplifier. The switching stages, which are controlled by transient detecting stages 
(differentiators), switch to a value that has been stored at the beginning of the transients. The 
differentiating stages get their signal direct from the colour difference detecting signal (pins 1 and 2). 
Two parallel storage stages are incorporated in which the colour difference signals are stored during 
the transient time of the signal, After a time of about 600 ns they are switched immediately (transient 
time of 150 ns) to the outputs. The colour difference channels are not attenuated. 


Y-signal path 


The Y-signal input (pin 17) is capacitively coupled to an input clamping circuit. Gyrator delay cells 
provide a maximum delay of 1035 ns including an additional delay of 45 ns via the fine adjustment 
switch ($1) at pin 13. Three delay cells are switched with two interstage switches dependent on the 
voltage at pin 15. Thus three switchable delay times of 90 ns, 180 ns or 270 ns less than the maximum 
delay time are available. A tuning compensation circuit ensures accuracy of delay time despite process 
tolerances. The Y-signal path has a 7 dB attenuation as a normal Y-delay coil and can replace this 
completely. The output is fed to pin 12 via a buffer amplifier. An additional output stage provides a 
signal of 90 ns less delay at pin 11 for the option of velocity modulation. 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 10) Vp=V10.18 max. 13.2 V 
Voltage ranges to pin 18 (ground) 
at pins 1,2, 12, 15 Vn-18 Oto Vp V 
at pin 11 | V11-18 OtoVp—3 V 
at pin 17 V17-18 Oto 7V 
Voltages ranges 
at pin 7 to pin6 V7-6 0 to 5 V 
at pin 8 to pin 9 V3.9 0 to 5 V 
Currents 
at pins 6, 9 | +16 9 max. 15 mA 
Total power dissipation Prot max, 1.1 W 
Storage temperature range T stg —25 to + 150 °C 
Operating ambient temperature range | Tamb Oto +70 °C 
Note 


Pins 3, 4, 5,6, 9, 13 and 14 d.c. potential not published. 
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Color Transient Improvement Circuit 


CHARACTERISTICS 


Product Specification 


TDA4560 


Vp = V10.18 = 12 V; Tamb = 25 OC; measured in application circuit Fig. 2; unless otherwise specified 


a 


Supply (pin 10) 


Supply voltage Vp = V10-18 
Supply current Ip=!10 
Colour difference channels (pins 1 and 2) 
(R-Y) input voltage (peak-to-peak value) 
75% colour bar signal V 1-18 
(B-Y) input voltage (peak-to-peak value) 
75% colour bar signal V9.18 
Input resistance R1, 2-18 
Vg V7 

(B-Y), (R-Y) signal attenuation —, — Oecd 
V1 V2 

Output current (emitter follower with 

constant current source 0.5 mA) S78 
(R-Y) and (B-Y) output signal transient time ttr 
Y-signal path (pin 17) 

Y-input voltage (composite signal) 

(peak-to-peak value) V17-18(p-p) 
Input resistance R17-18 
Internal bias voltage V17-18 
Input current 

during picture content 17 

during synchronizing pulse —l17 

a4 12 
Y-signal attenuation ——, —— ay 

V17 V17 
Output current (emitter follower with 

constant current source 0.4 mA) —l44, 12 
Frequency response (V 15.78 = 0 V) 

at R14.1g8 =1kQ 12-17 

at R44.18 = 1.1 kQ 49.17 
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=— Carmen [om [mo | 


Y-signal path (pin 17) (continued) 


Adjustable delay (switch S1 open) 
at V15.18 =0 to 2.5 V; Ry44.48=1kQ tg 


at V15.18 =O to 2.5 V; Rq14.48 = 1.1 kQ tg 
at V15.18 = 3.5 to 5.5 V; R44.48 = 1kQ tg 
at V15.19 = 3.5 to 5.5 V;R44.4g8=1.1kQ | tg 
at V15.18 = 6.5 to 8.5 V; R44.48 = 1 kQ td 
at V15-18 = 6.5 to 8.5 V; R14.18 = 1.1 kQ | tg 
at V15.18 = 9.5 to 12 V; R44.148 = 1kQ tg 
at V15.18 = 9.5 to 12 V; Ry44.48 = 1.1 kQ tg 
Fine adjustment delay (switch S1 closed) 


at V13.148 =O0V Atg 
Signal delay for velocity modulation (pin 11) 

with R44.18 = 1 kQ t 

with R44.148 = 1.1 kQ t 


Thermal resistance 
From junction to ambient (in free air) Rth j-a 
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Color Transient Improvement Circuit TDA4560 


APPLICATION INFORMATION 


15K 
(2) 
O (a) (+12V) 
22K 
0 (b) 
27K 
O (c) 
luminance Y - output 
input signal V+ 
(Y) = = (tq) (ty-90ns) (+12V) 
ab 1.1K ake | 
' 45 
330nF pmo 
18| = 17 16 15 14 13 12 11 10 
TDA4560 
1 2 3 4 5 7 RQ 9 
330 330 100 100 330 
nF nF p ie iss 220 220 
ae ay ak a ul (B-Y) (R-Y) 
I i - - * output output 
Hae S025 470pF aL 
(1) | (1) T lee 
+ + = 
(R-Y), (B-Y) 


7287367 
colour difference 
input signals 


(1) Residual carrier reduced to 20 mV peak-to-peak (R = 1 kQ, C = 100 pF). 
(2) Switching sequence for delay times shown in Table 1. 


Fig. 2 Application diagram and test circuit. 


Table 1 Switching sequence for delay times. 


| connection voltage at 
pin 15 


0to2.5V 
3.5 to 5.5 V 
6.5 to 8.5 V 
9.5to12 V 


Where: X = connection closed; O = connection open. 


* When switch (S1) is closed the delay time is increased by 45 ns. 
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Video Control with Two RGB and Color Difference Inputs 


DESCRIPTION 

The TDA4580 is a monolithic integrated 
video control circuit with automatic cut- 
off stabilization for TV-receivers with 
color difference interface, e.g. in con- 
nection with the multistandard decoder 
TDA4555 linear RGB-signals can be in- 
serted from two different external 
sources. 
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TDA4580 


FEATURES 

e Clamped input stage for 
capacitive coupled R-, G- and B- 
signals followed by a high 
precision matrix to obtain the 
luminance- and color-difference- 
signals 

e Fast switch 1 for Y-, CD, R-, G-, 
B-signals 

e Switch for NTSC-matrix and 
vertical blanking time 


e Fast switch 2 for insertion of 
Teletext-signals 

e Emitter-follower outputs for 
driving the RGB output signals 


PIN CONFIGURATION 


APPLICATIONS 
@ Video monitors 


e Graphics 
e Color printers 
e TV receivers 


TOP VIEW 
CD01330S 


FUNCTION 
R- output 
Storage capacity for cutoff central 
G- output 
Storage capacity for cutoff central 
B- output 
Supply Vcc 
Storage capacity for cutoff central 
NTSC- matrix and blanking time switch 
Peak drive listing 
Sandcastle- input 
Signal switch for RGB inputs 
B- input (ext. signal) 
G- input (ext. signal) 
R- input (ext. signal) 
Y- input 
Saturation control 
(R-Y-)- input 
(B-Y-)- input 
Contrast contro! 
Brightness control 
TxT —B input 
TxT —G input 
TxT — FR input 
Ground 
Average beam current listing 
Beam info (cutoff central) 
Storage capacity for leakage current 
information 


Signal switch for TxT inputs 


8-304 


Signetics Linear Products Advance Information 


Video Control with Two RGB and Color Difference Inputs TDA4580 


ORDERING CODE 


REFERENCE DATA 


LIMITS 
PARAMETER 


Supply voltage range | te [| 
Supply current, Ig 


Color difference inputs (pin 17, 18) 


| pins | packace | NOTE 
es 


(B-Y) input signal at pin 18 (peak to peak value), Vig_ 24 
(R—Y) input signal at pin 17 (peak to peak value), V47~24 


R, G, B inputs (pin 12, 13, 14) 
R, G, B signals controlled by saturation, contrast and brightness 
Input signal (peak to peak value), Vi2 13, 14-24 
TXT-inputs (pin 21, 22, 23) 


RGB inputs for teletext use. The signals are only controlled by the 
brightness control. 
Input signal for 100% output signals (peak to peak value), 


Vat, 22, 24-24 
Outputs for positive RGB signals 


Emitter followers with current sources and emitter protection resistors 
Minimum output voltage, V1, 3 5-24 
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BLOCK DIAGRAM 
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For additional information, consult the Applications Section. 
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RGB to NTSC/PAL Encoder 


DESCRIPTION 

The TEA2000 encodes color information 
and provides composite video output for 
driving a VHF or UHF modulator. 


Advance information 


TEA2000 


FEATURES 

e An internal oscillator from which 
the (R-Y) and (B-Y) waveforms 
are generated 

e Accepts timing signals 
(composite sync, composite 
blanking) 

e A 6-bit binary coded input giving 
color information 


e Resulting output is a 64 color 
composite video signal (including 
black and white). 

e Burst timing and PAL-switch- 
function is internally generated. 


PIN CONFIGURATION 


TOP VIEW 


CD01400S 

FUNCTION 
Red 1 binary input 
Green 0 binary input 
Green 1 binary input 
Blue 0 binary input 
Biue 1 binary input 
Composite video output 
Luminance output to delay line 
Luminance input from delay line 
Ground 0 voit 
Chroma band limiting 
Supply voltage 
7.16MHz crystal for NTSC 
8.86MHZz crystal for PAL 
PAL/NTSC switch 
Ramp 
Composite sync input (CSYNC) 
Composite blanking input (CBLNK) 
Red 0 binary input 


wh oh ot x 
ON-OODONON AWN — & 


_ 
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RGB to NISC/PAL Encoder | TEA2000 


REFERENCE DATA 


PARAMETER SYMBOL 


Supply voltage, V4; - 


Supply current at 7 _9= 12V, lay 


Input voltage 
(pins 1, 2, 3, 4, 5, 14, 16, 17, 18) 


Composite video output (peak-to-peak), Vg 


BLOCK DIAGRAM 


XTAL1 XTALO 
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PAL SWITCH 


TIMING 
CONTROL 
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ENCODER 


RAMP 
GENERATOR 
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Vertical Deflection TDA2653A 


The TDA2653A is a monolithic integrated circuit for vertical deflection in large screen colour television 
receivers, e.g. 30AX and PIL-S4 systems. 


The circuit incorporates the following functions: 
Oscillator; switch capability for 50 Hz/60 Hz operation. 
Synchronization circuit. 

Blanking pulse generator with guard circuit. 

Sawtooth generator with buffer stage. 

Preamplifier with fed-out inputs. 

Output stage with thermal and short-circuit protection. 
Flyback generator. 


Voltage stabilizer. 


QUICK REFERENCE DATA 


For 30AX system 

Supply voltage (pin 9) V9.g=Vs typ. 26 V 
Supply current (pin 5 + pin 9) I5tlg=ls typ. 325 mA 
Output current (peak-to-peak value) |6(p-p) typ. 2.2 A 
Picture frequency f 50 Hz/60 Hz 
Sync input pulse (peak-to-peak value) V2-8(p-p) Zz 1 V 
Thermal resistance from junction to mounting base Rth j-mb < 5 K/W 


PACKAGE OUTLINE 
13-lead DIL; plastic power (SOT-141B). 
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Fig. 1 Block diagram. 


(1) Condition for pin 12: LOW voltage level = 50 Hz; HIGH voltage level = 60 Hz. 
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Vertical Deflection TDA2653A 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 9) V9.g=Vs max. 40 V 
Supply voltage output stage (pin 5) V5.8 max. 58 V 
Voltages 
Pin 3 V3-11 max. 7V 
Pin 13 V 13-8 max. 7 V 
Pins 4 and 10 V4: 10-8 max. 24 V 
Pin 6 V6-8 max. 58 V 
—V6-8 max. OV 
Pins 7 and 11 V7:11-8 max. 40 V 
Currents 
Pin 1 4 max. O mA 
—|4 max. 1 mA 
Pin 2 +19 max. 10 mA 
Pin 3 I3 max. O mA 
—I3 max. 5 mA 
Pin 7 l7 max. 1.2 A 
—I7 max. 1.5 A 
Pin 11 144 max. 50 mA 
44 max. 1 mA 
Pin 12 l49 max. 3 mA 
—l12 max. O mA 


Pins 5, 6 and 8: internally limited by the short-circuit protection circuit. 

Total power dissipation: internally limited by the thermal protection circuit. 

Storage temperature range Tstg —25 to+ 150 °C 
Operating ambient temperature range Tamb —20 °C to limiting value 
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Vertical Deflection TDA2653A 
CHARACTERISTICS 
Tamb = 25 °C unless otherwise specified. 
Supply voltage/output stage 
Supply voltage V9.8= Vs 9to 30 V 
a zea A V6-8 = Ve8a-22 V 
; typ. V5.8—1.9 V 
_ typ. 1.3 V 
atlg=1.1A V6-8 < 16V 
Flyback generator output voltage at —ig = 1.1A V7-8 typ. Vs-— 2.2 V 
Peak output current +g < 1.2 A 
Flyback generator peak current +17 < 1.2 A 
Feedback 
Input quiescent current —14:10 typ. 0.1 vA 
Synchronization 
Sync input pulse V2.8 1to12 V 
Tracking range typ. 28 % 
Oscillator/sawtooth generator 
Oscillator frequency control input voltage V1-8 6to9 V 
Sawtooth generator output voltage V3-8 OtoVs—1V 
V11-8 OtoVs—2V 
Sawtooth generator output current —|3 Oto4 mA 
Zz —2 WA 
"1 < +30 mA 
Oscillator temperature dependency 
Tease = 20 to 100 °C (Af/f)/AT case typ. 10% K?! 
Oscillator voltage dependency 
Vs = 10 to 30 V (Af/f)/AVs typ. 4x 10% Vv! 
Blanking pulse generator 
Output voltage 
at Vg = 24V;lo=1mMA V2.8 typ. 18.5 V 
Output current —I9 < 3 mA 
Output resistance R2.8 typ. 410 Q 
Blanking pulse duration at 50 Hz sync th typ. 1.4+0.07 ms 
50 Hz/60 Hz switch capability 
Saturation voltage; LOW voltage level V12-8 typ. 1V 
Output leakage current 42 typ. 1 pA 
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Vertical Deflection TDA2653A 


Thermal resistance/junction temperature 


From junction to mounting base Rth j-mb < 5 K/W 
Junction temperature; switching point thermal protection Tj typ. 150+8 °C 
PINNING 

1. Oscillator adjustment 8. Ground 

2. Synchronization input/blanking output 9. Positive supply (Vs) 

3. Sawtooth generator output 10. Reference voltage 

4. Preamplifier input 11. Sawtooth capacitor 

5. Positive supply of output stage 12. 50 Hz/ 60 Hz switching voltage 

6. Output 13. Oscillator capacitor 

7. Flyback generator output 


APPLICATION INFORMATION 
The function is described against the corresponding pin number 
1,13. Oscillator 
The oscillator frequency is determined by a potentiometer at pin 1 and a capacitor at pin 13. 
2. Sync input/blanking output 


Combination of sync input and blanking output. The oscillator has to be synchronized by a 
positive-going pulse between 1 and 12 V. The integrated frequency detector delivers a switching 
level at pin 12. 

The blanking pulse amplitude is 20 V with a load of 1 mA. 


cy Sawtooth generator output 


The sawtooth signal is fed via a buffer stage to pin 3. It delivers the signal which is used for 
linearity control, and drive of the preamplifier. The sawtooth is applied via a shaping network 
to pin 11 (linearity) and via a resistor to pin 4 (preamplifier). 

4. Preamplifier input 
The d.c. voltage is proportional to the output voltage (d.c. feedback). The a.c. voltage is 
proportional to the sum of the buffered sawtooth voltage at pin 3 and the voltage, with 
opposite polarity, at the feedback resistor (a.c. feedback). 


5. Positive supply of output stage 


This supply is obtained from the flyback generator. An electrolytic capacitor between pins 7 
and 5, and a diode between pins 5 and 9 have to be connected for proper operation of the 
flyback generator. 


6. Output of class-B power stage 


The vertical deflection coil is connected to this pin, via a series connection of a coupling 
capacitor and a feedback resistor, to ground. 


7. Flyback generator output 
An electrolytic capacitor has to be connected between pins 7 and 5 to complete the flyback 
generator. 

8. Negative supply (ground) 


Negative supply of output stage and small signal part. 
9. Positive supply 


The supply voltage at this pin is used to supply the flyback generator, voltage stabilizer, 
blanking pulse generator and buffer stage. 
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APPLICATION INFORMATION (continued) 
10. Reference voltage of preamplifier 
External adjustment and decoupling of reference voltage of the preamplifier. | 
11. Sawtooth capacitor 
This sawtooth capacitor has been split to realize linearity control. 
12. 50 Hz/60 Hz switching level 


This pin delivers a LOW voltage level for 50 Hz and a HIGH voltage level for 60 Hz. The ampli- 
tudes of the sawtooth signals can be made equal for 50 Hz and 60 Hz with these levels. 


The following application data are measured in Figs 3 and 4. 


30AX system | 30AX system PIL-S4 
(26 V) (26 V/12 V) system 
Fig. 3 Fig. 4 Fig. 3 


System supply voltages Vs1 typ. 26 
Vs2 typ. _ 

System supply currents Is4 typ. 315 mA 
Iso typ. — mA 

Output voltage | V6-8 typ. 14 

Output voltage (peak value) V6-8 typ. 42 

Deflection current (peak-to-peak value) I6(p-p) typ. 2.2 

Flyback time te typ. 1 

Total power dissipation per 

a ° : Prot as . : 
Oscillator frequency unsynchronized f typ. 46.5 


* Calculated with AVg = +5% and ARyoke = —7%. 


September 1985 8-314 


Gle-8 


G86} Jequie}deg 


TDA2653A 


DEF L. (560) 


pes COIL 
| 
ve 2.2 uF 
sync blanking ea Sees 18K 
+ a (22K) +] 5990 

F 
2.2K . 

ampl 


=— ea 120 100 


(1) Condition for pin 12: LOW voltage level = 50 Hz; HIGH voltage level = 60 Hz. 


PIL-S4 system. 


| 09 | 


(470K) 470 


Pe 
470 “= 
K 
0.47 


7284636 


Fig. 3 Typical vertical deflection circuit for 30AX system (26 V). The values given in parentheses and the dotted components are valid for the 
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Fig. 4 Typical vertical deflection circuit for 30AX system (Vsj = 26 V, Vg9 = 12 V) in quasi-bridge connection. 
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Vertical Deflection TDA3651A / AQ./ 3653 


The TDA3651A;AQ is a vertical deflection output circuit for drive of various deflection systems with 
deflection currents up to 2 A peak-to-peak. 


The circuit incorporates the following functions: 
© Driver 

@ Output stage 

@ Thermal protection and output stage protection 
@ Flyback generator 

@ Voltage stabilizer 


QUICK REFERENCE DATA 


3651 3653 
Supply voltage (pin 9) V9-4 = Vp 0to50 V 0to40 V 
Peak output voltage during flyback (pin 5) V5-4M < 55 V max. 60 V 
Output current (peak-to-peak value) I5(p-p) << 15 A max. 15 A 
Operating junction temperature Tj max. 150 °C max. 150 °C 
Thermal resistance from typ. 10 K/W 
junction to mounting base Rth j-mb_ typ. 3 KW | typ. 35 K/W 


PACKAGE OUTLINES 


TDA3651A: 9-lead SIL; plastic power (SOT-131B). 
TDA3651AQ: 9-lead SIL bent to DIL; plastic power (SOT-157B). 
TDA3653: 9-lead SIL bent to DIL (SOT-110B). 
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Vertical Deflection TDA3651A / AQ/ 3653 


GENERAL DESCRIPTION 
Output stage and protection circuit 


Pin 5 is the output pin. The supply for the output stage is fed to pin 6 and the output stage ground is 
connected to pin 4. The output transistors of the class-B output stage can each deliver 1 A maximum. 
The ‘upper’ power transistor is protected against short-circuit currents to ground, whereas, during 
flyback, the ‘lower’ power transistor is protected against too high voltages which may occur during 
adjustments. : 
Moreover, the output transistors have been given extra solidity by means of special measures in the 
internal circuit layout. | 

A thermal protection circuit is incorporated to protect the IC against too high dissipation. This circuit 
is ‘active’ at 175 °C and then reduces the deflection current to such a value that the dissipation cannot 
increase. 


Driver and switching circuit 


Pin 1 is the input for the driver of the output stage. The signal at pin 1 is also applied to pin 3 which is 
the input of a switching circuit. When the flyback starts, this switching circuit rapidly turns off the 
lower output stage and so limits the turn-off dissipation. It also allows a quick start of the flyback 
generator. Pin 3 is connected externally to pin 1, in order to allow for different applications in which 
pin 3 is driven separate from pin 1. 


Flyback generator 


The capacitor at pin 6 is charged to a maximum voltage, which is equal to the supply voltage Vp (pin 9), 
during scan. 

When the flyback starts and the voltage at the output pin (pin 5) exceeds the supply voltage (pin 9), 

the flyback generator is activated. The Vp is connected in series (via pin 8) with the voltage across the 
Capacitor. 

The voltage at the supply pin (pin 6) of the output stage will then be maximum twice Vp. Lower 
voltages can be chosen by changing the value of the external resistor at pin 8. 


Voltage stabilizer 


The internal voltage stabilizer provides a stabilized supply of 6 V for drive of the output stage, so the 
drive current of the output stage is not affected by supply voltage variations. The stabilized voltage is 
available at pin 7. 

A decoupling capacitor of 2,2 uF can be connected to this pin. 
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RATINGS | | - % 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 

| 3651 3653 
Voltages (pins 4 and 2 externally connected to ground) 
Output voltage (pin 5) V5-4 ~~ max. 55 V max. 60 V 
- Supply voltage (pin 9) V9-4= Vp max. 50 V max 40 V 
Supply voltage output stage (pin 6) V6-4 max. 55 V max. 60 V 
Input voltage ( pins 1 and 3) V4 -2: V3.9 max. Vp max. Vp 
External voltage (pin 7) V7.9 — max. 5.6 V 
Currents | 
Repetitive peak output current (pin 5) +I5RM max. 0.75 A max. 0.75 A 
Non-repetitive peak output current (pin 5) +I5SmM max. 1.5 A* max. 1.5 A* 
Repetitive peak flyback generator -0.75 A -0.75 A 
output current (pin 8) IBSM MGA; £066" A max. +085 A 
Non-repetitive peak flyback generator -15 A -15 A 
output current (pin 8) I8SM max. s4g ar MAX 446 As 
Temperatures 
Storage temperature range Tstg -65 to +150 °C -65to +150 
Operating ambient temperature range Tamb -25to +65 °C -25to +65 
Operating junction temperature range qj -25 to +150 ° -25 to +150 


CHARACTERISTICS 
Tamb = 25°C; Vp = 26V; pins 4 and 2 externally connected to ground; unless otherwise specified 


3651 | 3653 
typ. 12 A typ. 12 A 
Output current (peak-to-peak value) I5(p-p) < 15 A < 15 A 
typ. 0.7 A typ, _O7 A 
Flyback generator output current -lg < 0.85 A < | 0.85 A 
typ. 06 A typ. 06 A 
Flyback generator output current Ig < 0.75 A < 0.75 A 
Output voltages | 
Peak voltage during flyback V5-4M < 55 V < 60 V 
Saturation voltage to supply at typ. 2.5 V typ. 2.3 V 
-I5 = 1A (3651); 0.6A (3653) -V5-6sat < 3.0 V <. 28 VO 
Saturation voltage to ground at typ. 2.5 V typ. 17 V 
-I5 = 1A (3651); 0.6A (3653) V5-4sat < 3.0 V < 22 V 
typ. 2.2 V typ. 25 V 
Saturation voltage to supply at -I5 = 0.75A -V5-6sat < 27 V < 3.0 V 
typ. 2.2 V typ. 20 V 
Saturation voltage to ground at I5 = 0.75A V5-4sat < 27 V < 2.5 V 


*Non-repetitive duty factor maximum 3.3%. 
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Supply 
Supply voltage 
Supply voltage output stage 


Supply current (no load and 
no quiescent current) 


Quiescent Current (see Fig. 2) 


Variation of quiescent current with temperature 


Flyback generator 


Saturation voltage at -lg = 1.1A 
(3651); 0.85A (3653) 


Saturation voltage at lg = 1A 
(3651); 0.75A (3653) 


Saturation voltage at lg = 0.85A 
(3651); 0.7A (3653) 


Saturation voltage at Ig = 0.75A 
(3651); 0.6A (3653) 


Flyback generator active if: 


Leakage current 


Input current for tl5 = 1A 
(3651); 1.5A (3653) 


Input voltage during scan 
Input current during scan 
Input voltage during scan 
Input voltage during flyback 


Voltage at pin 7 
Load current of pin 7 


Unloaded voltage at pin 7 during flyback 
Junction temperature of switching 


on the thermal protection 


Thermal resistance from junction 


to mounting base 
Power dissipation 


Open loop gain at 1kHz; Rigag = 1kO 
Frequency response (-3dB); Rigag = 1kN 


Vg9-8sat 
Vg-9sat 
Vg-8sat 


Vg-Qsat 
V5-9 


Rth j-mb 
see Fig. 3 
Go 

f 


3651 
10 to 50 
< 55 
typ. 9g 
< 12 
typ. 38 
25 to 52 
typ. -0.04 
typ. 1.6 
< 2.1 
typ. 2.5 
< 3.0 
typ. 1.4 
< 1.9 
typ. 2.3 
< 2.8 
> 4 
typ. 250 
< 100 
typ. 230 
175 to 380 
typ. 1.9 
0.9 to 2.7 
0.01 to 2.5 
0.9 to Vp 
0 to 0.2 
typ. 6.1 
5.6 to 6.6 
< 15 
typ. 15 
typ. 175 
158 to 192 
typ. 3 
< 4 
typ. 36 
typ. 60 


Product Specification 


TDA3651A / AQ/ 3653 
3653 
\V* 10 to 40 V 
\* 60 V 
mA __ typ. 10 mA 
mA < 20 mA 
mA typ. 25 mA 
mA 6 to 40 mA 
mA/K typ. -0.04 mA 
V typ. 16 V 
V < 2.1 V 
V typ. 23 V 
V < 2.8 V 
V typ. 14 V 
V < 19 V 
V typ. 22 V 
V < 2.7 V 
V > 4 V 
uA typ. 5 pA 
uA < 100 yA 
pA = 
UA 1.3 mA 
V eae 
V 3.2 V 
mA 01 to 52 mA 
V 09toVp V 
V 250 mV 
V typ. 5.0 V 
V 44to5.6 V 
V 
V 
vg 
°C 
K/W typ. 10 K/W 
K/W < 12 K/W 
dB_ typ. 42 dB 
kHz typ. 40 kHz 


*The maximum supply voltage should be chosen such that during flyback the voltage at pin 5 does not exceed 55V. 


8-321 


September 1985 


_Signetics Linear Products 


Product Specification 


Vertical Deflection 


TDA3651A/AQ/3653 


September 1985 


we 
i 
Bz 
rT 
ek 
bs 
Sl 
we 
au 
me 
ia i 
ce 
=a 
fae 
Bie 
i 
iS 
es 
rs 
SB 


7288389 


Fig. 2 Quiescent current lq as a function of supply voltage Vp. 
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Fig. 3 Power derating curves. 
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APPLICATION INFORMATION 
The following application data are measured in a typical application as shown in Figs 4 and 5. 
Deflection current (including 6% overscan) 


peak-to-peak value 15(p-p) typ. 0.87 A 
Supply voltage V9.4 typ. 26 V 
Total supply current tot typ. 148 mA 
Peak output voltage during flyback V5-4M ~“< 50 V 

‘ 2.0 V 
Saturation voltage to supply V5-6sat os 95 \ 
; typ. 2.0 V 
Saturation voltage to ground V5-Asat < 25 V 
typ. 0.95 ms 
Flyback time te < 1.2 ms 
Total power dissipation in IC Prot typ 2.5 W 
Operating ambient temperature Tamb << 65 °C 
TDA3651A 
1 2 3 4 5 9 
= 390pF = 
68K BAX12A 
VERTICAL C9 
100 nF DEFLECTION 
vertical drive COILS 
(from pin 1 TDA2578A) AT1236/20 ie . 
220 uF i) 4.7 
10K = 0 
+ +26V 
vertical 12K (pin 3, 
feedback n él TDA2578A) 
(pin 2 1.8 nF 4,7 uF 
TDA2578A) | 82K 7Z86169.A 
= 100 
amplitude 


Fig. 4 Typical application circuit diagram of the TDA3651A (vertical output), when used in combina- 


tion with the TDA2578A (see Fig. 5). 


Note to deflection coils AT1236/20: L = 29 mH, R = 13.6 Q; deflection current without overscan is 


0.82 A peak-to-peak and EHT voltage is 25 kV. 
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TDA3651A / AQ./ 3653 
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flyback 
horizontal / \ 
+12V drive mute 
O >0.2mA 
<4.0mA 


. TDA2578A 


O) 
v . 
f, adj. { (horizontal) 
(vertical) ; 


video 


sandcastle pulse 


oVt 


680 


nF ie 
220 
K 


fy adj. 


vertical vertical 
feedback drive 
+ from pin 9 
7Z86168.A 


TDA3651A 


Fig.5 Typical application circuit diagram; for combination of the TDA2578A with the TDA3651A see 


Fig. 4. 
33K 
+12V 
to pin 180 K 
144 ¢ “WN 3.47 K 
TDA2578A 
= 7286900 


Fig.6 Circuit configuration at pin 14 for 
phase adjustment. 
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Fig. 7 Circuit configuration at pin 18 for 
VCR mode. 

1 kQ2 resistor between pin 18 and + 12 V: 
without mute function. 

220 kQ. between pin 18 and ground: 
with mute function. 
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GENERAL DESCRIPTION 


The TDA3652 is an integrated power output circuit for vertical deflection in systems with deflection 
currents up to 3 A peak to peak. 


Features 


@ Driver 

@ Output stage and protection circuits 
@ Flyback generator 

@ Voltage stabilizer 


QUICK REFERENCE DATA 


Supply voltage (pin 9) V9.4 = Vp 0to40 V 

Peak output voltage during flyback (pin 5) V5-4M < 55 V 

Output current (peak-to-peak value) I5(p-p) max. 3 A 

Operating junction temperature Tj max. 150 °C 

Thermal resistance from junction to mounting base Rth j-mb max. 4 K/W 
0 V+ 


VOLTAGE FLYBACK 
7 iar GENERATOR 


CURRENT 
SOURCE 


THERMAL 
PROTECTION 
7287182 


Fig. 1 1 Block diagram. 


: deflection 
col Re ae 
pelea OUTPUT 
ids STAGE He - 


—— 


PACKAGE OUTLINES 


TDA3652: 9-lead SIL; plastic (SOT-1318B). 
TDA3652Q0: 9-lead SIL bent to DIL; plastic (SOT-157B). 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages (pins 4 and 2 externally connected to ground) 


Output voltage (pin 5) V5-4 
Supply voltage (pin 9) | Vo.4=Vp 
Supply voltage output stage (pin 6) V6-4 
Driver input voltage (pin 1) V4.2 
Switching circuit input voltage (pin 3) V3.9 
Currents | 
Repetitive peak output current (pin 5) +I5RM 
Non-repetitive peak output current (pin 5) + I5sm 
Repetitive peak flyback generator output 
current (pin 8) IgsRm 
Non-repetitive peak flyback generator output | 
current (pin 8) + Igsm 
Temperatures 
Storage temperature range T stg 
Operating ambient temperature range Tamb 
Operating junction temperature range Tj 


Product Specification 


TDA3652 


max. 1.5 A 


max. 3 A** 


max. 


max. 3 A** 


—65 to +150 °C 
—25 to +65 °C 
—25 to +150 °C 


* The maximum input voltage should not exceed the supply voltage (Vp at pin 9). In most applica- 
tions pin 1 is connected to pin 3; the maximum input voltage should then not exceed 5.6 V. 


** Non-repetitive duty factor maximum 3.3%. 
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CHARACTERISTICS 
Vp = 26 V; Tamb = 25 OC; pins 4 and 2 externally connected to ground; unless otherwise specified 


Supply 
Supply voltage; pin 9 
Supply voltage output stage; pin 6 


Supply current (no load and no quiescent 
current); pin 9 


Quiescent current (see Fig. 2) 


Variation of quiescent current with temperature 


Output current 

Output current (pin 5) (peak-to-peak value) 
Output current flyback generator (pin 8) 
Output current flyback generator (pin 8) 


Output voltage 
Peak voltage during flyback 


Saturation voltage to supply 
at—I5=1.5A 


Saturation voltage to ground 
atI5=1.5A 


Saturation voltage to supply 
at—I5 =1A 

Saturation voltage to ground 
atlI5=1A 

Fiyback generator 


Saturation voltage 
at—Ig=1.6A 


Saturation voltage 
atlg=1.5A 


Saturation voltage 
at—Ig=1.1A 


Saturation voltage 
atlg=1A 


Flyback generator active if: 
Leakage current at pin 8 


Input current forl5=4A 
at pin 1 (peak-to-peak value) 


Input voltage during scan (pin 1) 
Input current during scan (pin 3) 


* The maximum supply voltage should be chosen such that during flyback the voltage at pin 5 does 
not exceed 55 V. 
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CHARACTERISTICS (continued) 


parameter 


Flyback generator (continued) 
Input voltage during scan (pin 3) 
Input voltage during flyback (pin 3) 


General data 


Junction temperature of switching on 
the thermal protection 


Thermal resistance from junction to 
mounting base 


Total power dissipation 


Open-loop gain at 1 kHz 


Frequency response (—3 dB) 
at Ry = 1kQ 


20 40 V+(V) 60 


Fig. 2 Quiescent current (14) asa 
function of supply voltage (Vp). Fig. 3 Power derating curve. 
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APPLICATION INFORMATION 
The function is described against the corresponding pin number. 


1. Driver 
This is the input for the driver of the output stage. 


2. Negative supply (ground) 


3. Switching circuit 


This pin is normally connected externally to pin 1. It is also possible to use this pin to drive the 
switching circuit for different applications. This switching circuit rapidly turns off the lower output 
stage at the end of scan and also allows for a quick start of the flyback generator. 


4, Output stage ground 


5 and 6. Output stage and protection circuits 


Pin 5 is the output pin and pin 6 is the output stage supply pin. The output stage is a class-B type with 
each transistor capable of delivering 1.5 A maximum. The “upper” output transistor is protected against 
short-circuit currents to ground. The base of the “‘lower’’ power transistor is connected to ground 

during flyback and so it is protected against too high flyback pulses which may occur during adjustments. 
In addition the output transistors are protected by a special layout of the internal circuit. The circuit 

is protected thermally against excessive dissipation by a circuit which operates at temperatures of 

175 °C upwards causing the output current to drop to a value such that the dissipation cannot increase. 


7. Voltage stabilizer 


The internal voltage stabilizer provides a stabilized supply voltage of 6 V for drive of the output stage, 
so the drive current is not influenced by the various voltages of different applications. 


8 and 9. Flyback generator 


Pin 8 is the output pin of the flyback generator. Depending on the value of the external resistor at 
pin 8, the capacitor at pin 6 will be charged to a fixed level during the scan period. The maximum 
height of this level is equal to the supply voltage at pin 9 (Vp). When the flyback starts and the flyback 
pulse at pin 5 exceeds the supply voltage, the flyback generator is activated and then the supply voltage 
is connected in series (via pin 8) with the voltage across the capacitor. The voltage at the supply pin 
(pin 6) of the output stage will then be not more than twice the supply voltage. 
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DESCRIPTION 

The TDA3654 is a full performance verti- 
cal deflection output circuit intended for 
direct drive of the deflection coils. It can 
be used for a wide range of 90° and 
100° deflection systems. 


The TDA3654 is provided with a guard 
circuit which blanks the picture tube 
screen in case of absence of the deflec- 
tion current. 


BLOCK DIAGRAM 


Advance Information 


TDA3654 


FEATURES 
e Output stage 


e Thermal protection and SOAR 
protection circuits 


e Driver and switching circuit 
e Flyback generator 

e@ Voltage stabilizer 

e Guard circuit 


VOLTAGE FLYBACK 
STABILIZER GENERATOR 


SWITCHING 
CIRCUIT 
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ORDERING CODE 


ae NOTE 
| TDAS654 Plastic SIL SOT-131B 


Plastic SIL 
TDA3654 == bent to DIL SOT-157B 


REFERENCE DATA 


PARAMETER 


Output voltage, Vs 
Output current (peak to peak), Is 
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Monolithic 14-Bit DAC with 85dB S/N Ratio 


R. J. v. d. PLASSCHE 


The introduction of digital signal processing in sound 
recording and reproduction systems imposes stringent 
requirements on the performance of digital-to-analogue 
converters (DACs). Many of these systems demand con- 
verters with up to 16-bit resolution to obtain sufficiently 
high signal-to-noise ratio and good linearity. 

The TDA1540 is the first monolithic bipolar 14-bit 
DAC with a signal-to-noise ratio of 85 dB (typ) for audio 
signals, sampled at 44kHz. It uses a new method of 
current division, called dynamic element matching, to 
achieve high-accuracy binary-weighted currents, with 
long-term stability. Dynamic element matching combines 
passive division with a time division concept which 
eliminates resistor trimming. 

In addition, the TDA1540 features: 


— on-chip serial-to-parallel shift register and data latches, 
— on-chip current reference, 

— inherent monotonicity from —25 to +70°C, 

— TTL compatible input, 


— serial data input (offset binary) which reduces feed- 
through and correlated noise, 

— improved bit switching — no deglitching circuit 
required. 


Table | gives further data on the TDA1540. 


STANDARD DIGITAL-TO-ANALOGUE 
CONVERSION TECHNIQUES 


Monolithic DACs widely use an R-2R fesistive ladder 
network with multiple-emitter terminating transistors to 
generate binary-weighted currents. These currents are 
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switched by digitally-controlled switches (bit switches) 
to a summing point; thereby digital-to-analogue signal 
conversion is performed. Figure | shows a DAC of this 
type. 

There are two problems in the design of an R-2R 
DAC: the weighting accuracy of the binary currents 
which is set by the tolerance of the resistors and tran- 
sistors, and the switching of the accurately weighted 
binary currents without glitches which determines the 
dynamic performance. Regarding the problem of accu- 
racy, Table 2 shows that it is straightforward to integrate 
DACs having up to 10 bits; a 10-bit converter requires a 
512:1 current division, i.e. requires resistor tolerance 
better than 0.05%. Twelve-bit converters usually need 
laser trimming of thin-film resistors, or trimming of the 
binary-weighted currents using Zener zapping to achieve 
12-bit accuracy. 


2R 


7289036 


Fig.1 3-bit binary-weighted R-2R digital-to-analogue 
converter 


AN‘10 
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Monolithic 14-Bit DAC with 85dB S/N Ratio AN‘10 


TABLE 1 There is a small ripple current 2A] (p-to-p) of fre- 
TDA1540 data quency f on the output currents. This ripple is propor- 
tional to the accuracy of current division by the passive 
Resolution 14 bits divider. By using a simple low-pass filter to suppress the 
Signal-to-noise ratio* (typ.) 85 dB ripple an exact current ratio of 2:1 (input-to-output) is 
Linearity (typ.) +Y%LSB at. Tamb = 25 °C obtained. 
+%™LSB -—20°C < Tamb < +70°C If the time that 1) and I> are switched to each output 
Full-scale current (typ.) 4mA differs by At, see Fig.2(b), there will be an error in their 
Settling time to “LSB 1:1 current ratio of (At/t)(Al/1). For Al/l*+1% and 
(for a full-scale change) — typ. 1 us At/t = 0.1%, this error is 0.001%. 
Maximum input bit rate 12 Mbit/s 
Power dissipation 350 mW 
Supply voltages +5 V,-5 Vand -17V greg 
Encapsulation 28-pin ceramic DIL 


* measured between 31,5 Hz and 20 kHz at a sampling frequency 
of 44 kHz. 


TABLE 2 
Matching tolerance of different types of resistor 


matching tolerance 


Picea +2 

fabrication process o(%) mean (%) Se oe ites 
10um 40um 10um 40um 

Diffusion 044 0.23 —0.1 0.07 input 

Thin-film 0.24 0.11 —0.1 —0.06 


Ion implantation 0.34 0.12 —0.04 0.05 7289033 


: : : | a) Basic current divi i i i 
Resistor linewidth 10 ym and 40 um. (a) Basic cur ivider using dynamic element matching 


It is questionable how successfully trimming can be 
applied to 14 or 16-bit converters. Mounting the chip 
after trimming can change the resistances; trimming after 
mounting can be expensive. Long-term stability may be 
a problem too. Furthermore, the cost of laser trimming 
in large-volume production can be significant. 

In the TDA1540 trimming has been eliminated by 
dynamic element matching. 


DYNAMIC ELEMENT MATCHING 


Basic current divider 


Figure 2(a) shows the block diagram of the divider. It 
consists of a passive current divider and a set of switches 
driven at a frequency f by a clock pulse generator. Ip=l+al 9 tyettat 

The input current 21 is divided into two nearly equal Ig=l-Al = ta—-ty=t-At 7289034 
parts: 1] = 1+ AI and I7 =] — Al. Then, I} and [9 are 
interchanged with respect to the output terminals 3 and 
4 for equal times by means of the switches. The average 
current at each output terminal is then exactly equal and 
has a value I, see Fig.2(b). Fig.2 


(b) Output currents 13 and 14 
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By cascading divider stages an accurate binary- 
weighted current network is formed. However, in a 
practical circuit, each stage requires a minimum supply 
voltage of ~2V. This leads to an impractically large 
supply voltage for a 14-bit current network. Therefore, 
an improved divider is used which gives more weighted 
currents in one current interchange. 


Improved divider 


In the improved divider, a current 41 is divided into four 
nearly equal parts: 1 + AjyI, 1+ AjI,1 + A3l and 1+ Ag], 
see Fig.3(a). Note that Ay + Az + A3 + Aqg=0. 

These currents are fed into a switching network which 
interchanges all the currents with respect to the output 
terminals for equal times. The switches are controlled 
by signals from a 4-bit shift register. 

At the output of the switching network, two currents 
are combined; thus, the output currents have average 
values of 21, I and I, Fig.3(b). All currents have a ripple 
of frequency f/4 (the time for one complete interchange 
of the four currents being 4/f). Timing errors in the 
current switching have the same effect on accuracy as 
for the basic divider. 

Figure 4 shows the circuit diagram of a practical 
current divider. Transistors TR1, TR2, TR3 and TR4, 
with the resistors R divide the current 41 into four 
nearly equal currents. These currents are fed into the 
switching network which consists of Darlington tran- 
sistor switches to minimise base current. loss. Two 
currents are summed directly giving an output current of 
21 (av.). A 4-bit shift register controls the transistor 
switches which for accurate current division must have 
high current gain. 


SHIFT 
REGISTER 


(a) 
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BINARY-WEIGHTED CURRENT NETWORK 


By cascading divider stages, a binary-weighted current 
network is formed, see Fig.5. In the first stage the on- 
chip reference current source I;ef and a current amplifier 
form an accurate current mirror. The reference current 
is used as the most significant bit current, which elimi- 
nates filtering. 

To obtain 14-bit accuracy, a choice can be made 
between the number of switched and unswitched current 
dividers. The minimum supply voltage decreases as the 
number of unswitched dividers increases. However, the 
number of unswitched dividers is limited by circuit 


' yield. Five switched dividers followed by a 4-bit passive 


divider using emitter scaling represents the best compro- 
mise between supply voltage and circuit yield. 


FILTERS AND BIT SWITCHES 


Figure 6 shows how the output currents of a switched 
divider stage are filtered and switched to the output. 
R1C1 and R2C2 form first-order filters (the capacitors 
are connected externally). Darlington transistors TR3, 
TR4 and TRS, TR6 isolate the filters from the switching 
of the binary-weighted currents to the output (bit 
switching). Bit switching is performed with a diode- 
transistor configuration TR1, D1 and TR2, D2, enabling 
fast and accurate switching with no loss of base currents. 

Individual filtering of bit currents minimises the noise 
of the TDA1540 output current. and makes the con- 
version time solely dependent upon the speed of the 
bit switches. 


7289039 
(b) 


(a) improved current divider. (b) Output currents 14, Ig and I3 
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_ SHIFT 
REGISTER 


Rie a 
Fe F FF 


) |4 7289040 


Fig.4 Circuit diagram of the practical current divider 


14131211109 87654321 bit 2 lout 
C) 


1:1:2:4:8 
eis pat: 2 | isolation 
voltage © 


7289035 


SWITCHED CURRENT 
DIVIDER 


Fig.5 Binary-weighted current network 


7289037 


Fig.6 Filtering and switching the binary-weighted 
currents to the output 
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COMPLETE 14-BIT DAC 


Figure 7 is the block diagram of the complete DAC. It and the bit switches. The shift register that controls the 
shows the 14-bit binary-weighted current network, the Darlington transistor switches is at the bottom of the 
reference current source, individual bit-current filters figure. 
digital D 
input © a 
CP SERIAL—PARALLEL SHIFT REGISTER 
e e 
14 
14 
lo 
-— analogue 
14 


ISOLATION 


9-10 97-8 |o-7 |o-6 Jo-58 [9-4 [9-3 [2-2 |-1 
a ae an aA an mA ae A aN 
4-— toes PASSIVE 
toes DIVIDER 
INDIVIDUAL 
BIT CURRENT 
FILTERS 
© O © O O © O OO O 
i 
CURRENT DIVIDER 
ee 
ee DIVIDER | bret 
Laie eg 
Laie eg DIVIDER 


lop oe 
lop oe DIVIDER 


Pee 
CURRENT Pee 


4—BIT SHIFT REGISTER 7289043 
CLOCK : 
| CLOCK Fig.7 Block diagram of the TDA1540 
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+5V -5V -17V +15V 
I Ka 1 nF 
10 nF 820 pF 
eal 


D 
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LE , 
TDA1540 NE5534 

6202 

(1%) 

metal -film 

resistors 

1,5 nF 


a 


ig gaa le alk all yal wall ui all nF 7289041 
‘f ‘fo ‘f C4 ‘f (4 ‘f ‘7 ‘4 ‘7 


Fig.8 Circuit diagram of a voltage-output digital-to-analogue converter using the TDA1540 


non-linearity 
>40ns (typical, 
me absolute 
ras! | 3xto7® = Ve tse 
_—— ——o | |< 
— r 
CP of vy r) 
as Ss iat oe 1,5x107° = 1/4 LSB 
—_—_ —_— ——e| pe —e) | 
>35ns >35ns >Sns_ooiwi> 10ns 
LE an 
—- —_— 
>40ns a 
7289038 25 0 25 50 76 


Tamb (°C) 


Fig.9 TDA1540 timing diagram 
Fig.10 Non-linearity of the TDA1540 as a 


function of temperature 


DIGITAL 
SINE WAVE 


TDOA1540 SPECTRUM 


SOURCE ANALYSER 


OSCILLO— 
SCOPE 


LOW-PASS 
FILTER 
20kHz 


DISTORTION 
ANALYSER 
7289042 


Fig.11 Arrangement for measuring dynamic performance 
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Fig.12 Distortion of an output sinewave of frequency 600 Hz, 5.5 kHz and 18 kHz, respectively. 
Vertical scale 10dB/div., horizontal scale 2 kHz/div. Bandwidth 30 Hz 


Figure 8 shows how to obtain a voltage output using 
the TDA1540 with an operational amplifier. 
Figure 9 shows the input data format D, and the cor- 
responding timing signals CP (clock input) and LE (latch 
enable). 


PERFORMANCE 


Linearity 


A DAC is monotonic if the non-linearity is less than 
+% LSB. Figure 10 shows that the non-linearity of the 
TDA1540 is typically less than 4LSB (3 x 10°5) over the 
temperature range —20 to +70 °C. 


Dynamic performance 


Figure 11 shows the arrangement used to measure 
dynamic performance. A digital sine wave source pro- 
duces 14-bit words which are latched at 44kHz. The 
outputs of the latches drive directly the bit switches of 
the converter. A high-speed operational amplifier with 
feedback resistor R converts the output current of the 
converter into a voltage suitable for examination by 
spectrum analyser and oscilloscope, or distortion analyser. 

Figure 12 shows the results of spectrum analysis. For 
sine waves of 600 Hz, 5.5 kHz and 18kHz, distortion is 
about —90dB with respect to the maximum sine wave 
output. Note, —90dB is the limit of resolution of the 
‘spectrum analyser. 

Figure 13 shows oscillograms of the filtered and un- 
filtered output signals. The low-pass filter introduces a 
delay in the output signal. 


APPLICATIONS 


Dynamic element matching is a simple, accurate and 
reliable method of current division for high-accuracy 
monolithic DACs; the resulting dynamic performance of 
the TDA1540 makes it ideal for sound reproduction and 
recording systems. 


Fig.13 Filtered and unfiltered output signals: 
above, 1 kHz; below, 6.3 kHz. Vertical scale 0.33 volt/div. 


Its 15-bit linearity also makes it suitable for applica- 
tions that do not require 14-bit resolution, but demand 
high linearity to improve relative accuracy. Such applica- 
tions include graphic display systems, electron-beam 
recording and nuclear instrumentation. 

The TDA! 540 easily fulfills the requirements of a 1 2- 
bit DAC for telephony. For instrument manufacturers, 
the TDA1540 can extend present limits of performance 
of distortion meters, spectrum analysers, sine wave and 
other signal gencrators. 

The use of over-sampling techniques with the 
TDA1540 further improves the S/N ratio in audio 
applications and simplifies output analogue filters. 
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INTRODUCTION 

The SA/NE602 represents a new in- 
dustry standard for low power, double- 
balanced mixers. This device also in- 
cludes an on-board local oscillator and 
voltage regulator. Typical power supply 
requirements are 2.5mA at 6 volts for a 
conversion gain of 20dB and a noise 
figure of 5dB with operation up to 
200MHz. The SA/NE602 is available in 
either an eight pin DIP or a surface mount 
package. These specifications render this 
device an ideal choice for portable bat- 
tery-operated applications. 


CIRCUIT CONFIGURATIONS 

Figure 1 shows a simplified block diagram 
of the SA/NE602. A multiplier “Gilbert 
Cell” is used as the mixer portion of the 
device with the input differential amplifier 
providing most of the conversion gain. 
This differential amplifier also serves as 
an input balun which helps reduce the 
second-order distortion products. 


Figure 2 shows some possible balanced 
and unbalanced input and output circuits 
while Table 1 summarizes these config- 
urations’ relative advantages and disad- 
vantages. 


Figure 3 shows the internal circuitry 
adjacent to the device pins. The oscillator 
can be configured with a crystal, a tank, or 
as a buffer/driver for an external oscillator. 
When used as a buffer amplifier, optimum 
performance will be achieved when pin Gis 
driven with a 200 to 300mV RMS signal. 
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This LO amplitude tolerance becomes 
more critical as the LO frequency ap- 
proaches the 200MHz maximum. Figure 4 
shows a typical test circuit for the SA/ 
NE602. For this circuit it is important to 
specify the parallel mode crystal fre- 
quency and use a crystal with a loading 
capacitance of 5pF. 


DESIGN DATA 

Figure 6 shows typical intermodulation 
and compression point performance of 
the SA/NE602. The compression point 
defines the upper limit of the effective 
mixer dynamic range at about —25dBm. 
This level is mainly a function of the circuit 
insertion loss prior to the 602 input. The 
input third order intercept point is shown 
here at the minimum vaiue of —15dBm, 
and, as such, can be considered a worst 
case condition. 


The remaining charts show various mixer 
parameters over temperature and supply 
voltage variation. The overall optimum 
supply voltage is 6 volts, and this value 
is thus recommended. Unless specifically 
indicated, Figure 4 was the test circuit 
used to produce the data. The frequency 
schemes used here are typical of those 
found in cellular radio applications em- 
ploying a 455kHz 2nd IF. All of the major 
specifications are nearly constant over 
the 200MHz frequency range with the 
exception of the LO drive level tolerance 
and device impedances. 


OSCILLATOR ALIGNMENT 

The objective in measuring the crystal 
oscillator frequency in a production en- 
vironment is to read the data without 
loading the circuit. This can be accom- 
plished by using one of two methods. 
The first uses a small inductive loop 
placed near the oscillator circuit. The loop 
feeds a suitable amplifier which drives a 
counter. The second method takes ad- 
vantage of LO leakage into the output. 
Again, with the oscillator running and no 
RF input signal present, the 602 output 
is connected to an amplifier and counter. 
The single-ended output configuration will 
provide more LO leakage and the mixer 
itself will act as a buffer. 


Written by: Bob Zavrel 


OSCIL- 
LATOR 


DIFFERENTIAL 
AMPLIFIER 


Figure 1. SA/NE602 Functional Diagram 
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A. Single-Ended Input 


C. Single-Ended Output 


B. Balanced Input (for attenuation 
of second order products) 


_ 
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FILTER 


D. Balance Output (for 3dB output improvement) 


Figure 2. Circuit Configurations 


TARES ADVANTAGES DISADVANTAGES 


Single- No sacrifice in 3rd 

ended order performance, 
simplified circuit 

Balanced | Reduce 2nd order 
products 


Simple interface 
to filters 


Balanced 3dB improvement in 
output, better LO 
and FF isolation at 
the output 


Increase in 2nd 
order products 


Impedance match 
more difficult to 
achieve 


3dB reduction in 
output, less RF and 
LO isolation 


more complex 
circuitry required 
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18 | Voc 


Gg oo 1.5K 1.5K 


1.5K 


7 
7 
[e] 


GND 


Figure 3. SA/NE602 Equiv Circuit 


0.5 to 1.3nH | 22pF | MH 


34.2MHz THIRD OVERTONE CRYSTAL 


120pF = | 


10.7MHz 


|o.208 to 0.283yuH 


Figure 4. Typical Application 
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D, N PACKAGES 


INPUT A Voc 3RD ORDER 
| [7 Vo INTERCEPT 
INPUT B 7 | OSCILLATOR | | 
GROUND OSCILLATOR 
OUTPUT A OUTPUT B i 3RD ORDER 
/ | RESPONSE 


Y FUNDAMENTAL 
TOP VIEW ey ie 
ORDER PART NUMBERS 


NE602N SA602N -60 -50 -40 -30 -20 -10 0 
NE602D SA602D dBm INPUT Vcc VOLTS 


dBm OUTPUT 
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Figure 5. Pin Configuration Figure 6. SA/NE602 3RD Order Intermod Figure 7. Input Third Order Intercept 
and 1dB Compression Point Performance Point Vs Vcc 
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INTRODUCTION 

The SA/NE604 represents a new standard of 
performance in low power FM IF integrated 
circuits. Originally designed for cellular radio 
applications, the 604 is also well suited to 
other radio frequency circuits where good 
performance and low power consumption are 
the important design considerations. When 
used with its companion double-balanced 
mixer, the SA/NE602, a low power system 
solution for the cellular radio and other RF 
applications is realized. (Reference 1). 


Figures 1 and 2 show the device pin-out and 
a functional diagram of the 604. The device 
provides an IF amplifier, quadrature detector, 
received signal strength indicator (RSSI), and 
mute circuit. Two detector outputs are provid- 
ed for audio and data information with the 
audio output being controlled by the mute 
Circuit. 


CIRCUIT OVERVIEW 

The IF amplifier consists of five differential 
stages with a total gain of about 90dB. 
Provision is made for an external inter-stage 
filter to reduce broadband noise and increase 
receiver selectivity. The differential input to 
the first IF section appears at pins 15 and 16. 
One pin is usuaily AC-coupled to ground (pin 
15) with pin 16 used as the "high" input. The 
first IF section has a typical gain of 40dB with 
its output appearing on pin 14. Similar to the 
first IF section, the second section uses a 
differential input appearing at pins 12 and 11, 
with pin 11 usually AC-coupled to ground. The 
five stages are identical and any one may go 
into limiting, depending on the RF input level. 


The interstage filter can be ceramic, crystal, 
or an LC circuit. RSSI tracking is optimized 
when the filter circuit loss is 6dB. The output 
impedance of both amplifier sections (pins 14 
and 9) is about 1K ohms. For convenience, 
an ''L"' pad circuit showing 6dB loss is shown 
in Figure 3. This circuit allows observation of 
the RSSI response without using a filter. 


The quadrature detector multiplies two IF 
signals to produce the audio output. One of 
the IF signals is differentially phase shifted by 
an external quadrature tank or discriminator 
circuit connected between pins 8 and 9 
(Figure 4). The second IF signal is fed to the 
other detector input internally. Figure 5 shows 
the desired phase/frequency response of the 
quadrature-tuned circuit. A detailed mathe- 
matical explanation of detector operation can 
be found in Reference 2. The detected audio 
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appears at the data terminal (pin 7) and, via 
the mute circuit, at the audio (pin 6) terminal. 


The cellular radio specifications call for a 
logarithmic signal strength indicator accurate 
within 3dB over an 80dB dynamic range. The 
604 meets this requirement with an effective 
technique. A sample current corresponding to 
the output of each IF stage is fed to a 
summing amolifier, The output of this amolifi- 
er provides a current source which is reflect- 
ed by a current mirror. The current mirror 
output that appears on pin 5 provides the 
logarithmic RSSI information. It is usable over 
a 90dB dynamic range with 1.5dB accuracy. 
Typically, a 100K ohm resistor is used to 
convert the RSSI current to a voltage which is 
logarithmically proportional to the received 
signal strength. 
XS 


PACKAGING 

Both the SA/NE604 and its companion dou- 
ble balanced mixer, the SA/NE602, are avail- 
able in either the plastic dual-in-line ''DIP"’ or 
surface mounted ''SO" packages. The NE 
prefix specifies a 0 to+ 70°C operating tem- 
perature range while SA specifies—40 
to+ 85°C operation. The extensive tempera- 
ture data presented in this application note 
pertain to both the SA and NE devices. 


TYPICAL APPLICATIONS 

Figure 6 is a simplified schematic diagram of 
the 604 which details the internal circuitry 
adjacent to the device's pins. This should 
help the designer match impedances to ex- 
ternal circuitry. Figure 7 shows the schematic 
diagram of a typical test circuit using the 604 
and 602. 


The quadrature tuned circuit (F3) shifts the 
phase of the IF signal as shown in Figure 5. 
Low distortion demodulation is obtained if the 
IF signal deviation is restricted to the linear 
portion of the S-curve: There are three vari- 
ables affecting quadrature linearity: circuit Q, 
deviation, and IF frequency. If the deviation is 
increased, the Q must be decreased for a 
given degree of linearity. The circuit Q will 
also affect the demodulated signal level. A 
higher Q will yield a higher audio output from 
the quadrature detector since the phase shift 
will be greater for a given deviation. The 
quadrature Q must be optimized for a given 
frequency deviation, IF frequency, and de- 
sired linearity. A loaded Q of about 20 is 
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typical for narrow band FM applications using 
a 455kHz IF. 


The supply voltage for the 602/604 pair can 
range from 4.5 to 8 volts. Optimum overall 
performance is realized at 6.0 volts for the 
device pair. Several operation parameters are 
plotted for supply voltage as well as tempera- 
ture. 

Quadrature detecior iineariity can be affected 
by temperature variations. LC circuit reso- 
nances will drift as the coil and capacitor 
values change with temperature. This effect 
becomes more critical with increased circuit 
Q. If wide temperature variations are ex- 
pected, careful choice of circuit components 
can minimize this effect. Most inductors have 
positive temperature coefficients (increase of 
inductance with increase of temperature). If a 
negative coefficient capacitor is chosen to 
compensate the inductor, the resonant fre- 
quency will track over temperature. 


Since a bipolar current source is used to 
provide the RSSI function, the current will 
change with temperature. An increase in 
temperature will result in an increase in RSSI 
indication (Figure 8, uncorrected response). 
The circuit shown in Figure 9 will ''smooth" 
the response over temperature by dropping 
the load impedance presented to pin 5 as 
temperature increases (Figure 8, corrected 
response). 


All the major performance parameters of the 
604 are shown in Figure 10. Figure 11 illus- 
trates a typical test set-up for measuring 
many of the discussed parameters. Figures 
12 to 25 provide a comprehensive guide to 
604 performance over temperature and other 
variables. 


USE AS A FIELD STRENGTH/ 
RF VOLTMETER 


As stated earlier the RSSI function is usable 
over a 90dB dynamic range. This function 
taken alone can provide a useful RF voltme- 
ter function. The circuit in Figure 26 can be 
used as a field strength or RF voltmeter 
application. A linear readout device can be 
calibrated directly in decibels or logarithmical- 
ly for power, current, or volts. 


USE AS AN AM SYNCHRONOUS 
DETECTOR 


The 604 can also be used as an AM envelope 
detector. The IF signal is fed to both the 604, 
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as in the FM application, and to an additional 
linear IF amplifier (Figure 27). The linear 
amplifier then feeds the quadrature detector 
which mixes with the AM limited carrier and 
demodulates the envelope. 1% THD is ob- 
tainable with this technique with a 90% AM 
modulated signal. 


USE AS A PRODUCT 
DETECTOR 


Figure 28 shows how the 604 can be used as 
a product detector for SSB or DSB. In this 
case the LO is applied to the 604 IF amplifier 
and an external linear IF amplifier is used for 


the SSB or DSB signal. The 604 quadrature 
detector then acts as the product detector. 
With the addition of a simple switching array, 
a single 604 can be used for FM, AM, or SSB 
detection in a communications receiver! 


REFERENCES 
1. Zavrel, R.: Signetics AN198 Designing With 
the SA/NE 602, December, 1984. 


2. Hayward, W.: /ntroduction to Radio Fre- 
quency Design, 1982, Prentice-Hall. 


Written by Bob Zavrel 
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Figure 6. Application Demonstration Board 
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10 nF + 80% 63V K10000 — 25X Ceramic 
20% 
0.1 uF + 10% 50 V Polyester 
5.6 pF + 25% 100V = NPO Ceramic 
22 pFt 2% 100 V N150 Ceramic 
1 nF + 10% 100V  K2000 — Y5P Ceramic 


0.1 uF + 10% 50 V Polyester 
0.1 pF + 10% 50V Polyester 
6.8 pF + 20% 25V Tantalum 
1 nF + 10% 100 V K2000 — Y5P Ceramic 


15 nF + 10% 50 V Polyester 
10 pF + 2% 100 V NPO Ceramic 
0.1 pF + 10% 50 V Polyester 
0.1 uF + 10% 50 V Polyester 
0.1 pF + 10% 50 V Polyester 
150 pF + 2% 100 V N1500 Ceramic 
15K+ 5% 1/8W = Carbon Composition 
100 K+ 1% 1/4W Metal Film 
5.5 pH RF Chocke J.W. Miller 542 — 4609 
0.209 — 0.283 wH Adjustable VHF Coil Miller 48A257MPC 
0.5 — 1.3 wH Adjustable Coil 1811 — OO36TW 
455 kHz Ceramic Filter Murata SFG 455A3 


455 kHz IF Filter Toko A2549 
44.545 MHz Third Overtone Crystal 


Figure 7. Application Test Board Parts 
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Figure 8. RSSI vs. Signal Strength 
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Figure 9. Temperature Compensated RSSI Circuit 
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Figure 10. NE602/604 System Performance 


Vcc 
POWER 
SUPPLY 


AM/FM RF SA/NE6O4 | DATA OUTPUT 
SIGNAL veer 


GENERATOR 
HP 8640B (45MHz) CIRCUIT | aupio output 


C-MESSAGE 
WEIGHTING 
FILTER 
(20dB GAIN) 


AUDIO 
DISTORTION & 
LEVEL METER 

HP 339A 


BD00620S 


Figure 11. SA/NE602/SA/NE604 Applications Board 
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Figure 14. SA/NE604 AM Rejection vs Temperature Figure 15. SA/NE604 Audio Output vs Temperature 
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Figure 16. SA/NE604 Data Output vs Temperature Figure 17. RSSI vs Temperature 
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Figure 18. SA/NE604 Muting vs Temperature Figure 19. SA/NE604 Limiting RF Level vs Temperature 
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Figure 20. SA/NE604 Large Signal Uncompensated Figure 21. SA/NE604 Total Harmonic 
RSSi Voltage vs Temperature Distortion vs Temperature 
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Figure 22. SA/NE604 Supply Current Figure 23. Small Signal RSSI vs Temperature and Voltage 
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Figure 24. SA/NE604 SINAD vs Temperature and Vcc Figure 25. SA604 Supply Current vs Temperature 
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Figure 28. Product Detector 
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One side of a 12cm Compact Disc stores an hour of stereo 
music in the form of a helical track of tiny pits and flats 
representing more than five billiondata bits. During playback, 
the pits scatter the light from a small semiconductor laser, 
the flats reflect it onto a photodetector. The data bits are 
recovered at a rate of 4.3 million bits/s and converted into 
~a PCM signal from which the original audio waveform is 
accurately reconstructed without the degradation associated 
with analogue reproduction systems. 

The change to digital signal processing leaves all analogue 
problems such as wow and flutter and crosstalk behind. 
Owners of a Compact Disc player will therefore be able to 
enjoy music of a quality unequalled by that available from 
disc or tape. Compact Disc players can be programmed to 
access individual pieces of music and reproduce them in any 
order desired by the listener. Some other possible features, 
not easily implemented in a conventional LP disc system, 
are the display of elapsed/remaining playing time, auto- 
matic switching of de-emphasis circuits and search and 
repeat functions. 


Compact Disc 


left 


stereo audio 


DECODING 
SERVO > 
SYSTEMS 
USER 
INTERFACE 
7286626 


Fig.1 Functional schematic of a Compact Disc player. 


MOTOR 


right 


September 1985 


9-24 


Application Note 


AN200 


Development decoder board which performs more than 4 million 

decoding, control and error-correction operations every second of 

playback of a Compact Disc. The four new NMOS LSI circuits at 

the heart of this mammoth processing task enable a complete decoder 

controlled by one master clock to be assembled on one small single- 
sided board (~220 cm?) 


Figure 1 shows the main components of a Compact Disc 
player. This article describes the decoding section for 
which four new NMOS LSI circuits have been developed: 


— SAA7010, demodulator IC (28-pin DIL). 
— SAA7020, error correction IC (40-pin DIL). 
— SAA7000, interpolation and muting IC (18-pin DIL). 


— SAA7030, digital oversampling filter IC (24-pin DIL) 
used with the TDA1540 DAC (28-pin DIL) in a unique 
16-bit digital-to-analogue conversion system. 
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Fig.2 Compact Disc encoding system 


These circuits are in standard DIL packages, require only a 
few peripheral components and are controlled by one 
master clock. Because of a high degree of integration, a 
complete decoder from h.f. input to audio output can be 
built on one small (~220 cm?) single-sided printed circuit 
board. 

The ICs are key components determining the per- 
formance of a Compact Disc player. Before describing them 
and the decoding process, it will be helpful to describe 
briefly the digitising and encoding of audio signals onto a 
Compact Disc. Figure 2 shows the encoding process. 


ENCODING THE DIGITAL AUDIO 


The first step is to sample the analogue audio and convert 
the samples to 16-bit PCM signals. Since the frequency 
spectrum of impulse-sampled audio signals is simply double 
sidebands of the audio signal spectrum repeated at multiples 
of the sampling frequency, the analogue input signals are 
first passed through a low-pass filter with sharp cut-off 
which limits their bandwidth to less than half the sampling 
frequency. This prevents intermodulation distortion due to 
aliasing. If required, the filtered analogue signals can be 
passed through a pre-emphasis network to improve signal-to- 
noise ratio (SNR). 

The analogue signals are sampled at 44.1 kHz. The output 
of the sample and hold circuit is a flat-top PAM signal, 
whose pulse heights correspond to the audio signal ampli- 
tudes at the sampling instants. 

Each sample is held long enough for the previous one to 
be converted to a 16-bit 2’s complement number by an 
analogue-to-digital converter (ADC). Sixteen-bit quantisa- 
tion gives extremely high resolution, the maximum SNR of 
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a 16-bit PCM signal being ~98 dB (6n + 1.8 dB, where n is 
the number of bits used to express each quantisation level). 

Channel separation in Compact Disc digital audio is 
almost total, because the data of the left channel are com- 
pletely independent of those of the right. 

The 16-bit binary words from the ADC go to a multi- 
plexer which sends a serial data stream of alternately 16 
left channel bits and 16 right channel bits to an error-cor- 
rection encoder. 

Sixteen-bit quantisation solves one problem associated 
with any digital audio system — quantisation noise. Another 
— drop-out (the loss of single or several data bits in the 
recovered data) — is overcome in the Compact Disc system 
by the method used for encoding the digital data prior to 
recording the Disc. This enables any errors in the signal read 
from a Compact Disc, which could cause distortion, to be 
detected and corrected during playback. A powerful 
multiple-error-correcting code called the Cross Interleave 
Reed-Solomon Code (CIRC) is used. This code is based on 
parity bits and an interleaving (rearranging) of the digital 
audio samples in time. 

This code can correct a drop-out in which up to about 
3500 successive bits are lost (equivalent to a track length 
on the disc of about 2.4mm). Beyond this, it enables the 
loss of up to about 12000 bits, occupying a track length of 
8.5mm, to be compensated by interpolation. This, plus the 
track being beneath a protective layer, is why a Compact 
Disc is insensitive to scratches and dirt on its surface. 

Figure 3 shows the principle of interleaving. In Fig.3(a), 
a sequence of signal processing events is shown without 
interleaving. An audio signal is sampled at instants 1, 2, 3 
etc., digitised and the data representing the samples recorded 
onto disc. If there is a drop-out while reading the disc, some 
words will be missing in the received data. In Fig.3(a), three 
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words are missing. If the length of the drop-out region is 
greater than the error correction ability of the decoder, the 
missing values cannot be reconstructed and the audio output 
has to be muted in order to avoid audible clicks in the 
reproduced sound. 

In Fig.3(b), the same sequence of events is shown, this 
time with interleaving of data. The original audio signal is 
sampled, but the sequence of the samples is then rearranged 
prior to recording on disc. For the same drop-out as before, 
three words are again missing. After the original sequence 
of the data words is restored, the drop-out region is spread 
out in time, but now there are only single errors (dashed 
lines) which can be easily corrected. 

The Compact Disc system enables many features, not 
possible with the microgroove record system, to be in- 
corporated in the new players. For example, signals can be 
added to mark the pause between two successive pieces of 
music and used to implement search and repeat functions, 
or to indicate remaining/elapsed playing time, titles and 
composers. This control and display information (known as 
subcoding information) must be inaudible and so is encoded 
separately by the control and display encoder. The 8-bit 
output of this encoder means eight information channels 
can be recorded. Since the subcoding information is gener- 
ated and recorded bit-serially, there must be provision for 
recognising the beginning of a block of subcoding data. 
There are two outputs from the encoder, one carrying the 
data, the other synchronising the data blocks. 

The subcoding data and the 8-bit serial words from the 
error correction and encoding unit, which are either data or 
parity words, pass through a multiplexer to the channel 
modulator. The sync generator creates a unique pattern, 
not contained in the normal data, which identifies the 
beginning of each frame of data. 
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Fig.3 Principle of interleaving 
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The output data of both the error correction encoding 
unit and the control and display encoding unit are in non- 
return-to-zero (NRZ) format. Data in NRZ format are not 
suitable for recording onto disc, because the bit clock 
cannot be recovered from the data stream during playback. 
In addition, the data stream may contain low-frequency 
components which could interfere with the servo systems in 
the player, controlling the disc rotation and the tracking/ 
focusing of the laser pick-up. The NRZ data is converted to 
another code in the channel modulator, whose output is 
then recorded on disc. 

The requirements of a code for an optical audio disc 
system are: 

— bit clock can be regenerated from the data 


— low spectral power at low frequencies 
— permits read-out at high information density 
— small error propagation. 


The encoding procedure used is called Eight-to-Fourteen 
Modulation (EFM). As the name implies, each group of 8 
data bits (called a symbol) from the error correction en- 
coder, or from the control and display encoding unit, is 
encoded into a group of 14 bits. To ensure that the bit 
clock can be regenerated from the data, and to permit the 
reading of high-density information, there are always at 
least two Os between successive 1s and no more than ten 
consecutive Os in a 14-bit EFM word. The transmitted in- 
formation is contained in the transitions which are in- 
dicated by the ls. There are 277 combinations of 14 bits 
which satisfy the constraint of at least two Os. Deleting the 
21 patterns with ten or more Os in a row leaves 256 com- 
binations, which gives a one-to-one correspondence be- 
tween 8-bit NRZ data and 14-bit EFM data. Code con- 
version can therefore be done easily, via a T flip-flop, using 
a look-up table stored in a ROM. 

The 14-bit blocks generated cannot, however, be con- 
catenated without violating the constraint of the two to ten 
Os at the block boundaries. Therefore, three merging bits 
are inserted between successive 14-bit blocks. These bits do 
not contain audio or control/display information and are 
skipped by the decoder. The d.c. content of the bit stream 
can be controlled by inserting a transition in the merging 
bits, if the constraints are not violated. The decision to 
insert is made using advance knowledge of symbols. 

Because of the requirement for regenerating the bit 
clock, synchronisation is necessary. This is achieved by 
dividing the bit stream into frames and adding a unique 
pattern to each. Each frame contains: 


— a synchronisation pattern 
— twelve 16-bit data words representing 6 stereo samples 
— four 16-bit error correction parity words 


— one 8-bit control and display word. 
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Fig.4 Data stream after Eight-to-Fourteen Modulation (EFM) 


The 16-bit data and parity words are split into 8-bit words 
before EFM encoding. 


The total number of channel bits per frame after encoding 
is 588, comprising: 
— 24 sync pattern bits 
— 336(12 x2 x 14) data bits 
— 112(4x 2x 14) error correction bits 
— 14 control and display bits 
— 102 (34 x 3) merging and d.c. control bits. 


Figure 4 shows the arrangement of the bit stream after EFM. 

Since EFM is based upon a block structure of 8-bit input 
data, it is well suited for the CIRC error correction system, 
also based ‘on blocks of eight consecutive data bits. Propaga- 
tion of errors is limited to the eight bits in a symbol. 


DECODER 


The function of the decoding system of a Compact Disc 
player is to regenerate both analogue audio channels from 
the h.f. data stream retrieved from the disc by the laser 
pick-up. Figure 5 shows the block diagram of a decoder 


and the ICs used: 
S$BB2016 
2K8 RAM 


SAA7020 


h.f. input 
from pick-up 


H.F. 
DETECTOR 


SAA7010 
BIT CLOCK 


subcoding motor control 


information 


mute signal 
from servo 


SAA7000 
INTERPOLATION, 


e SAA7010, for the signal processing tasks of demodulation. 
Converts the data stream from the laser pick-up back to 
its original format, regenerates the bit clock from the 
data stream, and separates the data representing the re- 
corded sound from control and display data. 


e SAA7020 and an SBB2016 RAM. 
De-interleave the demodulated data from the SAA7010, 
and detect and correct errors in the data stream. The 
SAA7020 generates an unreliable data signal if it is 
unable to correct an error. The SAA7020 also removes 
jitter in the data by resynchronising the data to a clock 
derived from a crystal oscillator. 


e SAA7000, for interpolation and muting. 
Reconstructs audio data by interpolation should the 
SAA7020 be unable to correct any single samples in 
error; mutes consecutive erroneous samples. 


e SAA7030 and two TDA1540s for digital-to-analogue 


conversion. SAA7030 increases the SNR of the 16-bit 
data stream containing the audio information by 13 dB 
so that 14-bit DACs can be used with no loss of quality 
in the reproduced audio. 


Figure 6 shows the demodulation, error correction and — 
muting section of the decoder in more detail. Figure 8 
shows the 16-bit digital-to-analogue conversion section. 
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Fig.5 Block diagram of a Compact Disc decoder 
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Fig.6 Demodulation, error correction and muting section of a Compact Disc decoder 
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SAA7010: demodulator [C 


The SAA7010 forms the front-end of the decoding system 
and supplies demodulated data and timing signals to the 
error correction IC (SAA7020) and to the subcoding 
microcomputer. 

The h.f. signal read from the Compact Disc by the. laser 
pick-up is first amplified and filtered, then supplied to the 
input of the SAA7010 and to an optional h.f. threshold 
detector. The analogue h.f. signal is first digitised by a level 
detector and then passed to a phase-locked loop (PLL) 
which regenerates the bit clock from the incoming data. 

There are six complete stereo audio samples in one frame 
(588 EFM channel bits) of the disc data. Therefore, one 
stereo sample comprises 98 channel bits. For a sampling 
frequency of 44.1 kHz, the data rate of the h.f. signal is 
4.3218 Mbits/s. The voltage-controlled oscillator (VCO) of 
the PLL operates at twice the incoming data rate from 
which a 4.3218 MHz master clock signal used in all internal 
timing is derived. Frequency-sensitive and phase-sensitive de- 
tectors provide the coarse and fine tuning signals for the VCO. 


Both detectors are enabled/disabled using the HFD input. 


The incoming data is clocked into a shift register and the 
sync pattern detected, which enables the start of each frame 
of data to be identified. Sync information is passed to the 
timing and control logic in order to synchronise the de- 
modulation with the incoming data. The level detector has 
feedback which automatically adjusts to the optimum 
switching level. However, if the frequency of the incoming 
data falls below a set level, e.g. owing to a drop-out, the 
level detector switches to a nominal feedback level of half 
the supply voltage Vpp . This prevents the switching level 
drifting away from its optimum. 

Provided the timing generator is locked to the h.f. signal, 
each 14-bit word received is stored ina latch, then converted 
into an 8-bit word by the EFM decoder. 

In the SAA7010, a logic array is used for code con- 
version, not a ROM look-up table as mentioned earlier. This 
saves chip area and reduces power dissipation. 

‘Demodulated audio data are shifted out of the SAA7010 
to the error correction IC SAA7020 on DADE, with. the 
clock signal CLDE and the symbol and frame sync signals 
SSDE and FSDE respectively. 

The seven bits Q to W of the subcoding data plus a sync bit 
are shifted out serially at the SDATA output with clock 
SBCL and sync signal SWCL, while channel P (pause bit) is 
output at P after passing through a debounce circuit. 

Note, use of an h.f. threshold detector at the input HFD 
of the SAA7010 is optional. If one is not used, the HFD 
input is connected to Vpp for normal operation of the de- 
modulator. Using an h.f. detector can improve the perform- 
ance of a Compact Disc player because it disables the phase 
and frequency detectors in the demodulator when the 
amplitude of the h.f. input is small. Thus, the PLL cannot 
lock onto noise in the absence of an h.f. signal and so clock 
jitter is prevented. 
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SAA7020: error correction IC 


The SAA7020 detects, and where possible corrects, errors 
in the demodulated data stream and supplies these data to- 
gether with a flag, indicating whether the data are correct 
or unreliable, to the SAA7000. 

Data from the SAA7010 are arranged in frames of 
thirty-two 8-bit symbols. Twenty-four of these symbols 
contain 12 audio samples (i.e. 6 stereo samples), the re- 
maining eight are parity symbols added for error detection 
and correction. 

Data enter serially into a register array at DADE. This 
array comprises a shift register which accumulates symbols 
for parallel processing and a FIFO register which acts as a 
jitter reduction circuit. The FIFO register can compensate 
for deviation of up to +2.25 frames from the nominal data 
rate. It is this register that eliminates wow and flutter in the 
Compact Disc system. The output data rate from the 
SAA7020 depends only on the clock signal CLOX derived 
from a crystal oscillator. Any discrepancy between the clock 
derived in the demodulator and that from the crystal 
oscillator generates an error signal MCES which controls 
the speed of the motor spinning the disc. MCES is a PWM 
signal with a range of 142 linear steps. 

The CIRC makes use of interleaving and two Reed- 
Solomon codes C1 and C2. The data from the demodulator 
are de-interleaved by temporarily storing the thirty-two 
8-bit symbols forming the input word of the C1 decoder 
and the output word of this decoder in a 2K8 RAM. 

An 8-bit bidirectional bus is used for transferring data to 
and from the RAM, an 11-bit bus for addressing. Three bits 
control the RAM: write enable WEER, output enable OEER, 
and chip enable CEER. The last is for operation with 
pseudo-static RAMs. 

The Cl decoder of the SAA7020 is designed to correct 
one erroneous symbol in a 32-symbol frame. The C2 decoder 
is designed to correct one erroneous symbol, or two erasures 
in a group of 28 symbols. 

The input word to the C1 decoder is checked for errors 
by multiplying this word with the C1 parity check matrix. 
This produces four syndromes. If there are no errors in the 
input word, all four syndromes are equal to zero and the 28 
data symbols at the output of the Cl decoder (4 parity 
symbols being discarded) are written back into the RAM 
unchanged. In case of one erroneous symbol, this is cor- 
rected and the 28 corrected output symbols are written 
into the RAM. In case of two or more erroneous symbols, 
the 28 output symbols are written into the RAM unchanged 
and a flag is set which marks these 28 symbols as unreliable. 

Since each symbol in a Cl output word is delayed by a 
different amount before reaching the C2 decoder, the Cl 
flag of each unreliable symbol is delayed by the same 
amount as the symbol to ensure that symbol and flag arrive 
at the input of the C2 decoder together. 

The output symbols of the C1 decoder are de-interleaved 
further by means of the RAM. Then, the 28 symbols 
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forming the input word of the C2 decoder are also checked 
for errors by examining the four syndromes resulting from 
multiplication of this word with the C2 decoder parity 
check matrix. | . 

If there are no errors, all four syndromes are equal to 
zero, and the 24 data symbols at the output of the C2 
decoder are written back into the RAM unchanged and the 
remaining four parity symbols discarded. 

In case of one erroneous symbol, this symbol is cor- 
rected in the same way as for the C1 decoder. Then, the 
corrected 24 output symbols are written into the RAM. In 
case of two erroneous symbols, the sum of the error values 
is given by one of the syndromes. Information about the 
position of erasure symbols is given by the flags. With this 
additional information, both symbols can be corrected and 
the 24 corrected output symbols are written back into the 
RAM. In case of more than two erroneous symbols in a C2 
word, all 24 symbols are rewritten into the RAM unchanged 
and a C2 flag is set which marks these 24 symbols as un- 
reliable. 

Data from the SAA7020 are output on DAEC in 16-bit: 
bursts separated by 8-bit intervals. If the unreliable data 
signal UNEC is output simultaneously with a data symbol, 
it marks that symbol as unreliable. If UNEC is output 


CIRC decoding 


Use of error correction is one of the fundamental reasons 
why digital audio is vastly superior to analogue audio. And 
from a practical point of view, the ability to correct errors 
means that the requirements for disc manufacture are not 
pushed to impossible limits. 

A very powerful error-correcting code called the Cross 
Interleave Reed-Solomon Code is used in the Compact Disc 
system. This code, which is based on the use of parity bits 
and an interleaving of the digital audio samples, enables an 
error burst of up to about 3500 bits to be corrected. Beyond 
this, it enables a loss of up to about 12000 bits to be com- 
pensated by interpolation. In systems not using interleaving, 
a drop-out means that several adjacent samples are lost, 
leaving no chance of reconstructing them. 

Two Reed-Solomon Codes termed C1 and C2 are used for 
correcting erroneous audio samples. C1 is characterised by 
thirty-two 8-bit symbols, comprising 28 data symbols and 
4 parity symbols. C2 is characterised by twenty-eight 8-bit 
symbols, comprising 24 data symbols and 4 parity symbols. 
The minimum distance of each code, i.e. the Hamming 
distance at symbol level, is five. Thus, in theory, 2 symbols in 
error, or four erasures (symbols whose position is known but 
whose value is not) can be corrected. . 

Figure 7 shows the principle of a CIRC decoder. Delays 
are used to rearrange (de-interleave) the digital samples back 
to their original sequence and are organised for efficient error 
correction. 

Delays at the input of the C1 decoder are all of equal 
length and separate the even and odd numbered symbols. 
This enables the C1 decoder to correct small errors in ad- 
joining symbols. Delays between the two decoders are of 
unequal length and longer than those at the input of the C1 
decoder whtch enables the C2 decoder to correct burst 
errors. 


September 1985 


Application Note 


AN200 


during the interval between data bursts, it indicates that the 
sample arriving 30 sampling periods later is unreliable. This 
advance information of the reliability of symbols is used in 
the SAA7000 in a muting procedure. 

The unreliable data signal is generated when: 


— both C1 and C2 decoders detect an uncorrectable error 
pattern. In this case, UNEC marks one or more symbols 
of the C2 output data as unreliable. 


— C1 fails to detect an error, but C2 detects it without 
being able to correct all erroneous symbols. In this case, 
the whole C2 output frame is marked unreliable. 


— a mute signal SMSE is received from the servo system. 
UNEC is immediately activated and marks symbols as 
unreliable as long as SMSE is present. 


The output data are shifted out serially with the data clock 
CLEC and the frame sync signal FSEC. The logic state of 
DAEC in the gaps between successive clock bursts, which is 
determined by the input GAP, is used to select 2’s com- 
plement or offset binary format for the SAA7000. 

The 8-bit input and output data format of the SAA7020 
makes it also suitable for error correction in other appli- 
cations. 


The input to the C1 decoder is a frame of 32 symbols 
which is multiplied by the C1 parity check matrix to produce 
four syndromes. From the syndromes, errors can be detected 
and corrected. The C1 decoder of the SAA7020 is designed 
to fully correct one erroneous symbol out of a 32-symbol 
frame. If there is more than one error, each of the 28 output 
symbols (the four C1 parity symbols having been dropped) 
is marked with a flag, indicating that each may contain an 
error. If there is no flag associated with a symbol arriving at 
the C2 decoder, that symbol is correct. 

The C2 decoder is designed to correct one erroneous sym- 
bol, or two erasures. When even the C2 decoder cannot cor- 
rect all errors, it outputs the 24 data symbols (the four C2 
parity symbols having been dropped) uncorrected, but 
marked with flags. Most of these output symbols are usually 
error-free and can be reconstructed by linear interpolation, 
because the combination of the C1 and C2 flags is used as an 
unreliable data signal for interpolation, or if necessary, 
muting of symbols in the SAA7000. 
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Fig.8 16-bit digital-to-analogue conversion section of a Compact Disc decoder 
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SAA7000: interpolation and muting IC 


The SAA7000 eliminates the audible annoyance that could 
result if an erroneous symbol which managed to get through 
the error correction circuitry was processed further. The 
SAA7000 also generates the clock used for internal timing 
of the SAA7020 and SAA7030. 

Serial data from the SAA7020 on DAEC are entered into 
a shift register using the clock CLEC. Data are then de- 
scrambled and separated into left and right channel samples. 
A similar descrambling and separation is performed on the 
unreliable data flag UNEC. When there are no unreliable 
data flags, the data values of the audio samples are un- 
affected by the SAA7000. 

When, for either left or right channel, a single unreliable 
sample is flagged between two correct samples, linear 
interpolation is used to replace the erroneous sample. If 
two or more adjacent samples are flagged as unreliable, they 
are muted. Starting thirty samples before muting (by making 
use of the advance information of UNEC), the correct 
samples are attenuated smoothly to zero according to a 
cosine curve. The levels of the first thirty samples following 
muting are then increased back to the normal level, again 
according to a cosine curve. The thirty-sample (5-frame) 
delay necessary in muting is obtained using the 2K8 RAM. 

The data which are now either correct or processed are 
converted into 2’s complement or offset binary depending 
on the digital-to-analogue converters used. Selection is made 
by the status of DAEC during the intervals between input 
samples which is controlled by the GAP input of the 
SAA7020. Left and right channel output data on DLCF 
and DRCF are clocked out by the shift clock CLCF. Strobe 
signals STR1 and STR2 are generated for the digital-to- 
analogue conversion unit. A 14-bit or 16-bit output data 
format can be selected using the input 14/16. A full-per- 
formance 16-bit conversion system is described in the next 
section. 

A crystal oscillator is used to generate internal timing 
signals and the clock signal CLOX for the SAA7020 and the 
SAA7030. By using the frame sync signal FSEC to reset the 
internal timing, the SAA7000 is automatically synchronised 
with the output of the SAA7020. 


16-bit digital-to-analogue conversion 


The digital-to-analogue conversion section (Fig.8) converts 
the digital output data from the interpolation and muting 
IC to analogue voltages and removes all unwanted frequency 
components above the audio band. 

This conversion system is an outstanding feature of the 
Compact Disc decoder. It is based on a digital oversampling 
filter (SAA7030) followed by two (one for each channel) 
14-bit DACs (TDA1540) and low-order analogue filters. 
This arrangement has the SNR of a system using 16-bit 
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DACs and high-order filters, plus the following advantages 
over that approach: 


— linear phase response in the audio band (0-20 kHz) 
— reduced slew rate distortion 
— requires only a 14-bit DAC 


— less intermodulation distortion, because the oversampling 
frequency moves any intermodulation products well 
outside the audio band 


— only a simple low-cost analogue filter is needed after the 
DAC to suppress any residual frequency components 
not removed by the digital filter. 

SAA7030: digital oversampling filter IC 


The SAA7030 consists of three main parts: oversampling 
section, transversal filter, and noise shaper. Circuitry in the 
SAA7030 is duplicated, one for each channel. 

The two 16-bit data streams, at DLCF and DRCF are 
fed into shift registers which quadruple the sampling fre- 
quency from 44.1 kHz up to 176.4kHz. Quadrupling the 
sampling frequency also quadruples the effective audio 
bandwidth, which is thus increased from 22 kHz to 88 kHz. 
The quantisation noise power, previously distributed uni- 
formly across a 22kHz bandwidth, is now distributed 
uniformly up to 88kHz. Since 75% of the noise is now 
above the audio band, it can be suppressed by filtering. 

The SAA7030 incorporates two identical filters, one for 
each stereo channel. Each filter is a finite impulse response 
transversal filter of length 24 with ninety-six 12-bit coeffi- 
cients and using 16-bit input data words entering at 44.1 kHz. 
A recirculating shift register is used to store data required 
during the multiplication of input data with the filter 
coefficients which are stored in ROM. Each multiplication 
produces a 28-bit word which is stored in an accumulator, 
the 14 most significant bits of the words are then shifted 
out at DLFD for the left channel, DRFD for the right 
channel, with the clock CLFD. Overflow protection is in- 
corporated so that the output always limits cleanly in the 
unlikely event of accumulator overflow. 

Oversampling and filtering add 6dB to the SNR of the 
digital audio signal, bringing it to 90dB for the 14-bit 
output words. A further improvement of 7 dB is obtained 
in the SAA7030 by means of a noise shaper. This circuit 
redistributes the quantisation noise, now uniformly spread 
across 0-88kHz because of oversampling, reducing the 
noise in the audible region still further and increasing it 
above 22 kHz, see Fig.9. 

A choice of offset binary or 2’s complement output 
data can be made using OB. The OS input enables a 3% 
d.c. offset to be added. This can be useful to reduce the 
effects of glitches at low output voltages with certain DACs. 
A 176.4kHz strobe (LAT) is provided which can be used to 
latch data into the DAC in applications where a SAA7000 
is not used. 
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Fig.9 How 16-bit SNR is obtained from a system using 
14-bit DACs. Oversampling reduces the in-band quantisation 
noise by spreading the total noise over a wide bandwidth. 
Only a quarter of the original quantisation noise remains in 
the audio band after oversampling. This increases the SNR of 
the words applied to the 14-bit DACs from 84dB to 90dB. 
Noise shaping adds another 7 dB, making the maximum SNR 
of the conversion system 97dB, the:same as that of a con- 
ventional 16-bit system 


TDA1540: 14-bit DAC 


Each TDA1540 converts 14-bit digital audio samples ar- 
riving at 176.4kHz to an analogue output current. The 
output current is held between conversions by latching a 
flip-flop in the output circuitry of the DAC. 

Data DLFD (left channel), or DRFD (right channel) are 
entered serially with the clock CLFD. STR2 strobes the 
input data into a latch. 

The TDA1540 uses a method of current division called 
dynamic element matching to achieve high-accuracy, binary- 
weighted currents with long-term stability. The input data 
are used to activate fourteen bit switches which determine 
the output current. Conversion to an output voltage is done 
in the analogue filters following the DAC. 

The hold function of the DAC results in a (sin x)/x 
response with a first zero point at 176.4kHz which sup- 
presses the signal around that frequency. 

If desired, one of the reference current sources in the 
TDA1540s can be adjusted, see Fig.8. This will compensate 
for slight differences in the DAC output currents for 
identical input data due to tolerances in the external com- 
ponents. 


Analogue filters 


The analogue filters suppress any remaining frequencies 
above the audio band. Since the first spectral lobe is at 
176.4 kHz + 20 kHz and has already been largely suppressed 
by the hold function of the DAC, third order low-pass 
filters provide sufficient attenuation. A Bessel filter with a 
cut-off frequency of 30 kHz is used because it has a linear 
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phase characteristic. Figure 10 shows a suitable filter 
designed around the NE5532 dual opamp. The output of 
the filter is 1 V r.m.s. max. The filter components don’t 
have to be adjusted and the de-emphasis circuit can be 
automatically controlled by information on the discs. 

Both the Bessel filter response and the (sin x)/x response 
of the DAC have been taken into account when calculating 
and scaling the filter coefficients in the SAA7030 to give 
the digital-to-analogue conversion unit a flat frequency 
response in the audio band. 

Note: the conversion system can be used at other 
sampling frequencies since the digital filter retains its cut- 
off frequency at 0.45 times the input sampling frequency. 
In addition, the (sin x)/x compensation is unchanged for 
different sampling frequencies, the first zero always occur- 
ring at the oversampling frequency. For a large frequency 
variation, only the analogue filter has to be changed to 
maintain an optimally flat amplitude characteristic. 

Figure 11 shows how the original audio spectrum is 
recovered from the digital audio by oversampling and 
digital filtering followed by analogue filtering. 


22kQ 
3,3 kQ 


BC558B 


DE-EMPHASIS 
CONTROL 
relay 1a 
{left} 


relay 1b 
(right) 


7286533 


+12V ~12V 


Fig.10 Third-order Bessel filter shown in Fig.8 
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Fig.11 Oversampling and digital filtering remove the spectral 
lobes between the baseband and 176.4 + 20 kHz,so that cheap 
low-order low-pass analogue filters can be used after the DACs 
‘instead of very-high-order ones necessary to suppress the 
44.1 + 20 kHz lobe in systems not using oversampling tech- 
niques. (a) Spectrum of an impulse-sampled audio signal 
sampled at 44.1 kHz. (b) Spectrum after oversampling at 
176.4 kHz and digital filtering which suppress the lobes 
between the audio baseband and 176.4 + 20 kHz. (c) Audio 
output spectrum. The lobe around 176.4 kHz is suppressed 
by the hold function of the DAC, which has a sin x/x char- 
acteristic with a first zero at 176.4 kHz, and by the analogue 
low-pass output filter with a cut-off frequency between 
30 and 40 kHz 


Power supply 


Supplies for the decoder shown in Figs.6 and 8 are easily 
derived. Figure 12 shows an example. 
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Fig.12 Power supply of decoder 
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THE I2C AND CLIPS 

The attraction of serial data transfer is that 
it requires fewer lines — and, equally 
important, fewer line drivers, receivers and 
signal processing circuits — than parallel 
transfer. Microprocessors and microcom- 
puters work with data in parallel form, so 
parallel transfer is still the method of 
choice where distances are short and the 
number of devices sharing a communica- 
tion channel is small. 


It is straightforward and fast, and in the 
disciplined environment of most comput- 
ing and data processing equipment the 
multiplicity of conductors required is un- 
objectionable. But in many other 
applications of digital data transfer that is 
not so. 


The answer is then to sacrifice speed for 
simplicity and flexibility, and to opt for 
serial instead of parallel transfer. Two con- 
ductors are usually sufficient, and the 
additional requirement it imposes for 
parallel-to-serial and serial-to-parallel con- 
verters can be easily met by today’s LSI. 


Serial data can be transferred asynchro- 
nously (unclocked) or synchronously 
(clocked). Asynchronous data typically 
originates from low speed terminals with 
rates of less than 1200 bits per second. 
When idle, the transmission line is at mark 
(binary 1); a start bit, or transmission from 
mark to space (binary 0), signals the 
beginning of each character, and one or 
more stop bits its end. This sequence is 
repeated character by character until the 
whole message has been sent; the start 
and stop bits enable the receiver to syn- 
chronize itself character by character with 
the transmitter. 


In synchronous transmission, the clock 
signal that synchronizes transmitter and 
receiver may be carried on a separate wire 
or incorporated in the data stream by one 
of several codes (NRZ!I, Manchester, FM, 
etc). Once the receiver senses a synchron- 
ization character, data proceeds character 
by character with no intervening start or 
stop bits. A special ending character or a 
specified character count tells the receiver 
when the message is over. 


Asynchronous transmission is advantage- 
ous when the data flow is irregular, as 
from a keyboard operator's typing speed. 
Because of the simplicity of the interface 
logic and circuitry, it is also cheap. Syn- 


One of the CLIPS System IC’s — the PCF8574 8-bit 1/O Circuit. 


chronous transmission, on the other hand, 
makes far better use of the communication 
channel capacity by eliminating start and 
stop bits between characters. Furthermore, 
when using modems, it proves suitable for 
multi-level modulation schemes which 
combine two or four bits in one signal 
element. 


One of the major drawbacks of a serial 
data link is that it is autocratic; it relies on 
a master or primary station to control all 
communication on the link. Even if the 
data from one secondary station is meant 
not for the primary but for another second- 
ary, the primary must first store the data, 
poll the intended secondary to determine 
whether it is ready to accept the data, and 
then retransmit the data. 


It does not adapt easily to changing condi- 
tions. If some stations have periods of 
peak activity, elaborate software algo- 
rithms must be written to take that into 
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account. Moreover, if the system charac- 
teristics are ever changed, those 
algorithms have to be updated. 


Also, it does not adapt easily to changing 
requirements. As all activity is centrally 
controlled, adding or removing secondary 
stations necessitates changing the soft- 
ware that controls the primary. This is so 
even if the secondaries affected need only 
to communicate with each other and not 
with the primary. 


The reliability of the entire system depends 
on that of the primary; if for any reason it 
fails, the entire system fails. 


If the system is one that relays control 
information to a decision-making center, 
its data-gathering and status monitoring 
secondaries have to be polled continually. 
Often, however, the polling indicates no 
change and so returns little real informa- 
tion; thus, the overhead due to the polling 
protocol is high in relation to the data 
acquired. (This problem is dealt with dif- 
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ferently in a computer. There, a peripheral 
unit takes the initiative and interrupts the 
computer when it requires attention. As 
serial data links lack that facility, they must 
often be designed with much more capa- 
city than their actual data rate requires, 
merely to accommodate the polling 
protocol). 


These limitations of serial data links derive 
primarily from the fact that they are based 
on old electromechanical principles and 
do not take advantage of the opportunities 
now offered by VLSI. 


Local area networks, by contrast, do not 
rely on a central controller; they are 
democratic, not autocratic. Any unit can 
take control of the network whenever it 
needs to and can transmit directly to any 
other. When two units require control 
simultaneously, they arbitrate to determine 
which gets it. 


Local area networks are self-adapting to 
conditions since the attached units request 
to use it only-when they need to; if neces- 
sary, some can be assigned higher 
priorities than others. 


Like a telephone exchange, networks can 
easily be adapted to changing require- 
ments. Any unit can call any other or 
group of others (conferencing). New units 
can be added without disturbing existing 
ones, provided that the total data rate 
never exceeds the network capacity. 


Since control is «not central, communica- 
tion does not depend on any single unit, 
and since any unit can take control and 
address any other, the network in effect 
allows one unit to interrupt another. In a 
monitoring and control system, therefore, 
the network capacity need be scarcely 
larger than the required data capacity. 


_ Small area networks such as Ethernet, 
intended for data rates of 106 to 107 bits 
per second over distances of 400 to 2000 
metres, are well suited to transferring data 
between two large computers with their 
own files or to carrying digitized voice 
communication as well as data. However, 
they are overqualified for tasks such as 
transferring data between a terminal and a 
slow printer, or between a floppy-disc file 
server and a terminal. 


Small area networks (SANs) can be 
regarded as less expensive, lower- 
performance counterparts of LANs. Their 
application areas include: the home, where 
they can be used to transfer control, 
information, and security signals; business, 
where they can deal with traffic insufficient 
to justify a LAN or can serve as feeder 
networks to a LAN; and certain self- 
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contained units, such as motor cars, where 


_sensors, actuators, and services are neces- 


sarily remote from the operator's displays 
and controls. 


Apart from size and performance, SANs 
differ from LANs in another important 
respect: LANs are big enough to justify 
professional managers to configure and 
administer them; SANs are not. A SAN 
should require no adaptation when units 
are added to the network or removed from 
it. 


Two SANs that provide the facilities of a 
LAN but on a smaller scale and have 
appeared in the past two years are the 
Inter-IC bus (12C) and the digital data bus 
(D2B). Both are designed to cover only 
limited distances. 


The procedure for a unit attempting to use 
the bus is as follows: 


e Wait until no activity is detected on the 
bus. 

e Then issue a start bit which is unique 
and recognizable as such. (lf a unit 
detects another's start bit just as it is 
about to issue one of its own, it retires 
and synchronizes its internal clock on 
the edge of the detected start bit). 

e After the start bit, issue message bits 
serially, most significant bit first. 


20 and D2B are both wire-AND buses, 
which is essential to their method of 
resolving conflicts. Consider the situation 
when two units, A and B, happen to 
transmit simultaneously. Say A attempts to 
issue the signal 1101, and B the signal 
1110. Both issue the first bit, a 1, and mon- 
itor the bus; both see a 1, so both proceed, 
The same occurs again on the second bit. 
But on the third bit, A issues and sees a 0, 
while B issues a 1 and sees a 0 because of 
the wired-AND. This is a signal to B to 
retire immediately, as it has lost the arbitra- 
tion. (The retirement must be immediate, 
otherwise a similar situation would occur 
again on the fourth bit, but in that case 
with A losing). This method of arbitration 
works because the shortness of the bus 
sets a limit to the propagation time 


between any two units on it. 


Besides using the same principle for arbi- 
tration, 12C and D2B are also similar in 
other respects. They both distinguish 
between master and slave and transmitter 
and receiver. The master is the unit that 
initiates an exchange with a slave. If it 
requests a slave to supply data, it is the 
receiver and the slave is the transmitter. If 
it supplies data to a slave, it is the transmit- 
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ter and the slave is the receiver. Not every 
unit on the bus has to be able to function 
as a master; slave-only units are also per- 
missible and are of course cheaper. 


Another similarity is in the method of 
acknowledging correct receipt, whether of 
data or address. The line is an open collec- 
tor one, and while the transmitter awaits 
acknowledgement it lets the line stay high. 
If the receiver does not pull it low within a. 
prescribed time, the transmitter interprets 
that as a NACK (negative acknowledge) 
indicating that what was sent was not cor- 
rectly received. If a non-existent unit is 
addressed, the addresser will automatically 
see a NACK. 


Apart from these similarities, 1@C and D2B 
differ significantly in function, application 
area, and throughput characteristics. 


The !2C bus is designed to provide the 


. facilities of a local area network within a 


single system or equipment. It enables the 
system designer to distribute the system 
functions where they are most needed or 
convenient, without having to pay more 
than cursory attention to interconnection 
problems. 


The bus consists of two lines, serial clock 
(SCL) and serial data (SDA), and, unlike 
other buses, permits more than one unit to 
drive the clock. This is possible because 
their own internal clocks can operate 
together and synchronize with each other 
(figure 1). 


Normally the SDA line changes only when 
SCL is low, so that the receiver can sample 
data on the rising edge of the next clock 
pulse. To generate a start condition, how- 
ever, SDA goes from high to low while 
SCL is high (figure 2); this is a unique 
occurrence which enables all units to rec- 
ognize the start of a message. The stop is 
similarly unique: SDA goes from low to 
high while SCL is high. 


A complete message on the I2C bus con- 
sists of the following fields: 


START| SADD |. R/W {| ACK {| DATA 
BYTE ACK STOP 


START Start condition (also called start 
bit). 

Slave address, a 7-bit identify- 
ing the slave to be addressed 
and the priority of the message. 
Read/write, a single bit indicat- 
ing whether the addressed 
slave is to be read from or writ- 
ten to. 

Acknowledge bit for the 
preceding field. 


R/W 


ACK 
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Figure 1. Clock Synchronization on the I2C Bus. 
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Figure 2. Start and Stop Conditions. 
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Figure 3. Application of the I12C Bus in a TV Set. 
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DATA A series of 8-bit characters, 
each followed by an ACK. 
There is no set limit to the 
number of characters in this 
field, although one may be 
imposed in certain imple- 
mentations. 

STOP Stop condition (also called stop 
bit). 


There are no hard and fast limits to the 
length of the bus or the number of units 
that can be attached to it; there are implicit 
limits, however, due to the 400pF maxi- 
mum capacitance that can be connected 
to either the SCL or the SDA line. 


The I2C bus can be monitored and driven 
either by specialized hardware or, more 
slowly, by software in a microcomputer. In 
the latter case, the start bit is followed by a 
start byte of the form 00000001 to give 
slaves which have the system algorithm 
implemented in software rather than hard- 
ware time to poll the data line. Once such 
a slave detects a low value on the SDA 
line, it switches to scanning the line more 
frequently. 


The maximum bus throughput rate is 100K 
bits per second, corresponding to about 
11K characters per second; lower rates 
can be achieved with slower devices mak- 
ing use of the clock synchronization 
principle. 


Typical applications of the I2C bus take 
advantage of the ease with which units can 
be added to or removed from it. As an 
example, consider the TV set illustrated in 
figure 3. The ‘standard’ set includes the 
blocks on the right of the diagram. The 
control microprocessor has master capa- 
bilities and communicates with slave-only 
units in the keyboard, tuning control, tun- 
ing memory, and tuning display. The 
optional units on the left can be added or 
removed at any time; the ACK/NACK facil- 
ity of the bus automatically tells the control 
microprocessor whether they are there or 
not. 


The optional page memory for viewdata is 
an example of the ability to communicate 
on the bus without the controller even hav- 
ing to be aware of the unit’s existence. 
Only the viewdata unit needs to communi- 
cate with the page memory, and, provided 
it has bus-master capability, it can do so 
directly. 


The bus gives the set designer freedom to 

place the various units wherever is func- 
tionally best — the display and keyboard 
on the front panel, the tuning control away 
from heat sources, and the others where 
they can most easily be installed later as 
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extras. It also gives him the freedom to 
redesign units to reduce cost, improve 
operation, or take advantage of new tech- 
nology without worrying about the impact 
on other units in the system; only the two- 
wire interface and the command set need 
remain the same. 


The D2B is designed primarily as a device- 
to-device interconnection, although it 
could also be used in certain self- 
contained equipment where some of its 
characteristics, such as low radiation and 
greater length, might make it preferable to 
the !2C. It is currently being considered by 
CENELEC as a possible European stand- 
ard for the interconnection of electronic 
apparatus in the home. 


The CLIPS concept: To exploit the ‘build- 
ing block’ design possibilities using the 
I2C, Philips now offers a range of devices 
under the collective designation CLIPS 
(consumer and industrial peripheral set). 
The aim of CLIPS is to create a design 
environment in which devices can be 
‘clipped’ on to a bus. Incorporating the 
hardware capable of supporting the 12C 
bus directly on-chip enables the designer 
to concentrate on the functional aspects of 
a system without having to worry about 
the communication link between the dif- 
ferent system parts. 


Hardware for |2C is already being mar- 
keted by Philips and includes the 
MAB8400 series of single-chip microcom- 
puters. Peripherals incorporating the bus 
interface are also available and more are 
being developed. They include display 
drivers, memories, timers, tuning systems, 
A/D and D/A converters, and a CMOS 
gate array for specialized functions. 


A licensing agreement between Philips, 
Signetics and Intel (Electronic Engineer- 
ing, March 1983, page 108) has resulted in 
the availability of PCF80C48 and 
PCF80C51-based microcomputers incor- 
porating the 12C and D2B buses, as well as 
development support products such as 
assemblers and in-circuit emulators. 


Devices: To give examples of the types of 
circuit available addressing schemes and 
read/write actions, some of the CLIPS ICs 
are described below. 


The PCD8571 static CMOS RAM incorpor- 
ates an interface for direct connection to 
the I2C bus. Its low data retention voltage 
(min 1V) and low standby current (typically 
50nA) make this memory suitable for 
numerous CLIPS applications. 


In addition to acting as a general-purpose 
RAM expansion for CLIPS micro- 
computers, the PCD8571 can also find 
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service as a more dedicated device. In the 
telephone application described below, for 
example, it can provide the extra RAM to 
store telephone numbers for repertory 
dialing. In radio or tv, it can be used to 
store channel presets. 


Three hardware address pins are included 
on the PCD8571 to extend the specific 
device address. Up to eight of these RAMs 
can be connected to the !2C bus, allowing 
the amount of memory used and its even- 
tual purpose to rest with the designer. 


Auto-increment for memory word 
addresses also facilitates efficient write/ 
read of blocks of data; for example, chan- 
nel preset information in a tv application 
would usually require two consecutive 
data bytes. 


The PCF8577 is a CMOS silicon gate LCD 
driver for driving either 64 segments 
duplex or up to 32 segments directly. For 
systems with several PCF8577s, hardware 
subaddressing and automatic address 
incrementing keeps wiring and bus traffic 
to a minimum. 


CLIPS circuits such as LCD drivers require 
control information from the microcompu- 
ter in the form of pointers or control bytes 
before they can carry out a requested 
function. This information is provided 
within the I2C bus addressing procedure. 
The first byte of the slave address is used 
to address ali LCD drivers connected to 
the 12C bus. All PCF8577 devices con- 
nected to the bus will therefore respond to 
this address. Each device then loads the 
second byte into its control register. 


Interrupt 
logic 


3 


hs | Input : 17C bus 
filter control 


Power-on 
reset 


The six least significant bits of this byte 
constitute the segment byte vector (SBV); 
they select the device and the segment 
byte register which is to be loaded next. 
The upper three bits of the SBV are com- 
pared with the preset hardware address of 
the device. If the address is the same, the 
device is enabled for loading. 


After each segment byte is loaded, the 
SBV is incremented automatically. In this 
way, sequential loading occurs when more 
than one segment byte is received in a 
data transfer. The control register also 
includes two display control bits, MODE 
and BANK. The MODE bit selects either 
direct drive or duplex; the BANK bit allows 
switching between two alternative control 
stores when the device is in the direct 
drive mode. 


The programmable addressing of the 
PCF8577 allows the number of LCD driv- 
ers connected to a CLIPS system to be 
increased to a maximum of eight directly 
driven units (four duplex), giving 256 dis- 
play segments. Therefore, the type of 
display output can be tailored to suit each 
member of a product range. 


As shown in the industrial control exam- 
ple, (figure 8), remote I/Os within a CLIPS 
system can act as an interface between the 
12C bus and a digital source. The PCF8574 
is an 8-bit !/O circuit. It consists of an 8-bit 
quasi-bidirectional port and an |2C inter- 
face. This device can also interface 
microcomputers without a serial interface 
to the I2C bus (as a slave function only). 
The PCF8574 has low current consump- 


LP filter 


Figure 4. Block diagram of the PCF8574. The interrupt latch informs the 
microcomputer of data on the I/O ports which can then access the 
expander in the READ mode via the 12C bus. 
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Figure 5. Typical CLIPS Application Showing the General Purpose Circuits 


Used in Most 8-bit Designs. 
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Figure 6. Modern TV Using the !2C Bus. 


tion and includes latched outputs with 
high current drive capability for directly 
driving LEDs. 


The PCF8574 differs from the other CLIPS 
circuits described above in that it pos- 
sesses an interrupt line (INT). This line is 
connected to the interrupt logic of the 
microcomputer on the |2C bus. By sending 
an interrupt signal on this line, the remote 


I/O can inform the microcomputer if there 
is incoming data on its ports without hav- 
ing to communicate via the |?C bus. This 
means that the PCF8574 can remain a 
simple slave device (figure 4). 


To cover a broad range of applications, 
including battery-powered operation, most 
CLIPS circuits will be CMOS devices; 
because of ‘its high noise immunity CMOS 
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is ideal for noisy industrial and automotive 
applications. The specification of the 12C 
bus, however, permits devices using any 
type of technology (CMOS, NMOS or |2L) 
to be connected together in one CLIPS 
system. Besides standard DIL, all CLIPS 
circuits are also available in SO packages. 


CLIPS circuits are also adaptable to 
further integration. A typical system can be 
considered as various general purpose 
devices — microcomputers, LCD drivers, 
I/O expanders, extra memory (figure 5), 
with specific application-oriented devices 
tagged on. If a particular CLIPS system 
has been successfully used in large 
numbers, the specific combination of devi- 
ces can be integrated with the existing 
general-purpose devices. Separate micro- 
computer and A/D converter ICs, for 
example, can easily become one unit, with 
circuit functions and system performance 
remaining the same. 


Standardization within CLIPS systems 
leads to more economical use of any soft- 
ware developed. Modular application 
software can be used again and again ina 
variety of applications, carrying out the 
general-purpose functions within a CLIPS 
system. Subroutines associated with 
implementing a particular CLIPS IC will 
also be included in the support material for 
that circuit as an aid to designers. 


Applications: To illustrate how CLIPS can 
be used, a few implementations in widely 
differing applications will be discussed. 


Video games, teletext and home compu- 
ters are transforming TV sets from mere 
receivers of broadcast programes to com- 
plete entertainment and information 
terminals. As extra features are introduced, 
the TV receiver must be able both to 
accept them and integrate them. 


Let us consider a top-of-the-range TV set 
including at least a remote control, a 
games interface, and viewdata capability. 
Figure 6 shows how these, as well as other 
functions, might be served by a CLIPS sys- 
tem. Using CLIPS, it is possible to relate 
each block to an equivalent IC. 


A point worth noting is the use of the 
remote control receiver within the system. 
Since the microcontroller associated with 
this device has to be active all the time, it is 
best implemented in CMOS. The I2C bus 
supports devices in any of the major 
manufacturing technologies and, there- 
fore, allows each IC in the CLIPS system 
to be realized in the technology best suited 
to its function. 
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Figure 7. Telephone Using the Bus. 


Remote 1/0 


Display 
driver 


Remote 1/0 


peal Actuators 


= Se oom] Sensors 
Keyboard/ 
encoding 


Figure 8. An I2C Bus Based System for Industrial Control. 


The D2B interface enables the TV to be 
linked to other ‘intelligent’ appliances, such 
as a VCR or video camera, which them- 
selves benefit from CLIPS implementation. 


The CLIPS implementation of a subscriber 
telephone set includes all the functional 
units usually found in top-of-the-range 
models (figure 7). The RAM is in addition 
to that found on the microcomputer and 
can be used for such functions as 
repeated call or repertory dialing. The 
DTMF dialer can be added whenever the 
local exchange converts to a tone-dialing 
system. The LCD and its drivers are also 
optional. 
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By providing the general-purpose devices 
within a telephone set, the CLIPS system 
gives the designer a great deal of freedom. 
Although the application demands that the 
interfacing ringer and bipolar transmission 
ICs are not connected directly to the I2C 
bus, the other devices which can be con- 
figured to match a wide range of 
specifications and demands from both tele- 
phone authorities and subscribers. 


Philips has already built up a library of 
telephony-related software modules to 
help designers meet the various require- 
ments they are likely to encounter. 
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Each telephone authority has its own 
requirements; each consumer has his own 
preference. To design a ‘cover-all’ tele- 
phone set is almost impossible. CLIPS 
offers a framework within which a designer 
can work effectively. 


In industrial environments, CLIPS systems 
(figure 8) can perform a variety of func- 
tions. For intelligent machine control, level 
sensing or pressure monitoring, the 
implementation of CLIPS systems can 
provide distributed processing and micro- 
computer control on-site, where it is 
needed. 


For analogue applications, a range of sen- 
sors can be used. These can then be 
connected to an A/D converter to provide 
data for devices connected to the I2C bus. 
Keyboard encoding circuitry provides 
user-access to the system, with user- 


output sent via the display driver. 


For control purposes, evaluated data can 
be fed back to actuators such as tempera- 
ture controls or electromechanical 
switches via another D/A converter. 


For digital applications, data can be sent 
or received via remote I/O circuits. 


Due to the nature of the IC bus, remote 
I/Os can be situated anywhere within the 
control environment; other CLIPS circuits 
can likewise be placed exactly where they 
will best perform their alotted task. Within 
a cabinet, wiring can therefore be greatly 
reduced. Instead of trailing parallel wires 
between devices, remote I/Os can be used 
to convert the parallel device output into 
serial bus input almost immediately — sav- 
ing space and wire and making life much 
easier for the service engineer. 


The remote I/O, for example, would be 
connected near simple on/off devices: to 
drive valves or relays, activate emergency 
sirens, or read keys and drive LEDs. 


When used in an industrial: environment, 
CLIPS systems can also be connected to 
higher levels of control, using parallel 
ports of the microcontroller, for example. 


A CLIPS system can therefore cover the 
complete range of industrial applications 
from hand held, battery powered measur- 
ing instruments to the first stage of a large 
scale process control system. 


For low volume industrial designs, piggy- 
back versions of both the NUOS MAB8400 
and CMOS PCF84COO single chip micro- 
computers can be used. By connecting 
industry standard EPROMs to these devi- 
ces, designers can still build systems using 
CLIPS ICS. 
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SLAVE DEVICES 

In the preceding section the salient fea- 
tures of the Inter IC (I2C) bus and its 
protocol were described. The bus is key to 
a structured approach to system design 
based on a combination of micro- 
controllers, general purpose peripheral 
IC’s (LCD drivers, memory) and/or 
application-dedicated peripheral IC’s. 


Such circuits are known collectively as 
CLIPS since they can simply be ‘clipped’ 
onto the bus. 


While multi-master control and two-way 
information transfer are fundamental ele- 
ments in any flexible design concept, there 
are many applications in which the peri- 
pheral circuits need only accept 
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commands and/or data and thus, apart 
from the need to acknowledge receipt of 
data, information transfer is one way only. 
Now we will describe how the bus may be 
used in such applications. For simplicity, it 
is assumed that only one master controller 
is used. 


The l2C bus has been described in some 
detail and the main features are as follows: 


There are two lines — for serial data (SDA) 
and for serial clock (SCL). 


A START condition occurs when the SDA 
level changes from high to low when SCL 
is high. 


DATA on SDA is changed when SCL is 
low and is clocked on the rising edge of 
SCL. 


The byte immediately following the 
START condition consists of the seven bit 
address of the intended addressee and, in 
the LSB position, a READ/NOT-WRITE bit 
for the ensuing communication. 


At the end of each 8-bit byte, including the 
first, a ninth clock pulse is supplied on 
SCL and an addressed receiver may pull 
SDA low to signal an acknowledgement of 
a received byte. 


A STOP condition is defined by a low to 
high of SDA when SCL is high. Figure 9 
itustrates the SDA and SCL for START, 
address with R/W, two data bytes and 
STOP. — 


In multimaster configurations of the l@C 
bus, a contending master must be able to 
detect that the bus Is busy and that arbitra- 
tion after bus contention has been 
achieved. 


A slave must be able to: 


recognize a START condition, 

@ recognize its own address when sent 
immediately after a START, 

e respond to the READ/NOT-WRITE bit, 

e when receiving, provide an ACKNOW- 
LEDGE on each ninth clock, 

e recognize a STOP and, if a transmitter, 
release the bus. 


12C bus hardware: There are several bus 

configurations to be considered: 

e single master and one or more passive 
slaves that do not put data on the bus 
e.g., display drivers; 

e single master and slaves that can 
transmit e.g., RAMs; and 

e multiple masters. 
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Figure 9. The SDA and SCL for START, Address with R/W, Two Data Bytes and 


STOP. 


All devices are connected to the I2C bus in 
the WIRED-AND mode and the two lines, 
SDA and SCL, each have a pull-up resis- 
tor. The ‘quasi-bidirectional’ 1/0 on many 
MOS LSI circuits, with open drain, is suit- 
able provided the device can sink 3mA. 


A single master transmitter, apart from 
being able to provide the proper timing, in 
particular for the START and STOP condi- 
tions, has a data register which can send 
out data serially, MSB first, onto the SDA 
line and which can be loaded in parallel 
from the rest of the IC. 


It must also leave SDA high for the ninth 
clock pulse and be able to test for receipt 
of ACKNOWLEDGE. 


As a master receiver, it must accept serial 
data and read the I/O register in parallel. 


For the other bus configurations this serial 


data register should rotate such that data | 
sent out serially is also clocked back into | 
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the same register. However, the hardware 
requirements of these other configurations 
will be described in a future issue. 


The requirements of a master transmitter 
can be met by a single chip microcon- 
troller ‘bit bashing’ two I/O pins under 
software control, but to transmit data at 
the maximum serial clock rate of 100 kHz 
specified in the |2C bus specification 
would occupy most of the microcon- 
troller’s real time capacity. 


The first devices developed with I/O specifi- 
cally for controlling the |2C.bus are the 
MAB8400 range of microcontrollers. These 
are based on the widely used 8048 8-bit 
controllers. Other microcontrollers with 
l2C bus interface and based on the 80C49 
and the 80C51 will come onto the market 
this year. 
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The MAB8400 is based on the 8048 but, 
instead of being housed in a 40 pin pack- 
age, it uses a 28 pin package. Unlike the 
8048 it does not have an external data bus 
and, therefore, cannot access external 
program memory. However, it is available 
with 4K ROM, which is the maximum pro- 
gram memory size addressable by the 
8048 family. It has most of the 8048 
instructions set, but those instructions for 
operating external memory are omitted 
and the two one-bit flags for setting and 
testing are not available. 


An addition to the 8048 circuit within the 
MAB8400 is an area dedicated to control- 
ling the serial 1/O bus. At the time the 
MAB8400 was developed, there were few 
I2C peripheral devices available so the 1/O 
circuitry was designed so that it can be 
programmed to drive other serial buses for 
which peripherals are available — the ‘C’ 
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bus and the ‘I’ bus. A simpler I/O control 
can be made if I2C bus only is considered 
and controllers with simplified serial I/O 
will be available soon (MAB8422 and 
MAB8442 in 20-pin). 


A block diagram of the serial section of the 
MAB8400 is shown in‘Figure 10. The serial 
I/O circuit lies on the main data bus of the 
microcontroller and is controlled by 
instructions for moving data between the 
accumulator and registers SO, S1 and S2. 
These registers can also be loaded by 
immediate instructions. 


Register SO is the I/O register with a serial 
connection to the I2C bus. 


Register S1 is the main control and status 
register. 


The MSB bit (MST) contains the Master/ 
slave bit which is set to ‘1’ when the 


Multiplexer 


Serial clock pulse generator ) Ras oe 


Progr.counter 


Figure 10. Serial I/O Interface of the MAB8400. 


microcontroller is commanding the bus 
conversation. 


Bit 6 (TRX) is the transmitter/receiver set to 
‘1’ when transmitting. 


Bit 5 (BB) is the bus busy bit and is set to 
‘1’ whenever a START appears on the I2C 
bus and is reset by a STOP, whether 
initiated by this or another master. 


Bit 4, the pending interrupt not (PIN), is set 
to ‘0’ whenever a complete word is trans- 
mitted or received over the I2C bus. It also 
reflects the serial interrupt state if that is 
enabled. 


PIN is reset to ‘1’ either by moving data to 
or from the I/O register SO or by direct 
loading of S1. 


There are two lower nibbles to S1: 


a) can be written only by the controller, bit 


Bit ae 


soggesee 
cata 


Status register 


Internal clock 


3 (ESO) is set to enabie the serial 1/O, and 
bits 0-2 are for bit counting; 


b) is set by the hardware and is read only 
by the controller to determine the status of 
the serial I/O: bits 3, 2, and 1 are arbitra- 
tion lost (AL), addressed as slave (AAS), 
and all zeros addressed (ADO) respec- 
tively, and will be dealt with in more detail 
when multi-master systems are discussed. 


Bit 0 (LRB) contains the last received bit 
and reflects the last data bit to appear on 
SDA after the rising edge of the last serial 
clock pulse on SCL. 


Register S2 is used for setting up the I/O 
clock speed, whether the acknowledge 
feature will be used, and whether a sym- 
metrical clock for 12C standard is selected. 
For 12C bus acknowledge is mandatory. 
This is summarized in Table 1. 
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SO Data address 
sof nr] 


S1 


| fackjasc| Clock setting 


S2 Clock control register 


The simplest configuration of the 12C bus 
is one master controlling the bus and one 
or more ‘dumb’ peripherals that are not 
required to respond with any data. The fol- 
lowing procedures must be implemented 
within the software that the user must 
write for the microcontroller: 


e initialization of the serial I/O, 
e sending the slave address, 

e data transfer, and 

e signing off. 


Initialization: First the serial clock fre- 
quency is selected and, if working to I2C, 
rules, ‘acknowledge’, and normal symmet- 
ric clock are selected. 


These are set by immediate addressing of 
the control register S2 eg., MOV S2, 
#H’43’ 
will set the clock at 87kHz, assuming 
the MAB8400 is using a 4.43 MHz crys- 
tal. It also sets ‘with Ack’, (ACK = 1), 
and ‘Symmetric’, (ASC = 0). 


By setting the status register S1, the con- 
troller is put into slave receiver mode, the 
serial 1/O is enabled, and the word length 
is set to 8 bits: 

MOV S1, #H‘18’ 


MST = 0, TRX = 0, BB = 0, PIN = 1, 
S/O = 1, BC2, BC1, BCO = 0. 


To operate in an Interrupt mode then: 
ENSI 


Enable serial interrupt 


But if it is prefered to work in a polling 
mode, the pending interrupt-not PIN bit in 
S1 (bit 4) may be examined. For this single 
master — dumb slave mode this completes 
the initialization. 


Sending slave address: The slave address 
is seven bits which are sent out onto the 
I2C but MSB first. The LSB is set at O or 1 
depending on the direction of flow of the 
data to follow. If 0, then the master will 
WRITE data to the slave. 
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If the address of the slave device, plus the 
WRITE bit, is in, say, register 7 the address 
must first be moved to the accumulator 
and then to the Serial |/O register SO: 

MOV A.R7 


Get slave address. 
MOV SO0.A 
Put address in SO. 


Alternatively, SO could be immediately 
addressed: 
MOV S0,#H‘xx’ 


Address ‘xx’ with LSB = 0 to SO. 


A ‘START’ condition must be created and 
the slave address transmitted. 


This is done by setting the MASTER, 
TRANSMIT and BUS BUSY bits in the 
control register S1: 

MOV S1,#H‘f8’ 


Mst, Trx, BB, PIN = 1, ESO = 1, BC2— 
BCO = 0 (8-bits) 


Transmission now starts. 


Address sent: After eight clock pulses the 
address will have been sent onto the |2C 
bus. On the ninth clock pulse the serial 
data (SDA) line will be left high by the 
transmitting master and, if a slave recog- 
nizes the address, the slave will pull SDA 
line low to signal ‘Acknowledge’. 


The PIN bit in S1 of the MAB8400 will now 
go to 0 and the serial clock line, SCL, will 
be held low. If enabled, the serial interrupt 
will call the appropriate service routine. 


Bit 0 (last received bit) is now examined to 
check that acknowledge was received. The 
programmer may jump to an ‘error’ routine 
if an acknowledge is not received: 

MOV A,S1 


Get status into accum. for testing. 
JBO Error 
Acknowledge failed so go to ‘Error’ 


Send data: Having established a connec- 
tion with the addressed slave, data can 
now be sent. A record of the communica- 
tion will be kept in some register for 
checking that all the data has been sent. 
MOV A,Rx 


Will fetch data from Rx into 
accumulator 


MOV SO,A 
Puts the data in the I/O register. 


This last instruction also releases the clock 
line, restarts the transmission and resets 
the PIN bit to 1. 
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Again, after nine clock pulses a serial inter- 
rupt will occur. As before the LRB will be 
tested to check if Acknowledge has been 
received. 


Signing off: Once all the data has been 
sent, the bus may be cleared by creating a 
STOP condition. Another device may not 
be addressed until the bus has been 
cleared. To STOP all that is needed is to 
force the BUS BUSY bit in S1 to zero 
when in Master Transmitter mode: 

MOV S1,#H‘D8’ 


MST = 1, TRX = 1, BB = 0, PIN = 7, 
ESO = 17. 


The MAB8400 reverts to Slave Receiver 
mode automatically once the STOP has 
been transmitted. 


To address the same or a further device, 
the procedure is repeated but with a fresh 
slave address. 


The most obvious requirement for a 
straightforward single-master writing to 
slave peripherals is remote switching and 
specific applications include LED or LCD 
driving. As the number of segments in a 
display increases, the advantages of the 
12C bus become more apparent since the 
use of serial data transmission still requires 
only the two data lines. The limitation on 
the number of segments is then deter- 
mined by the drive capability of the drivers 
themselves or in some cases by the 
number of sub-addressed devices allowed. 


There are several !12C bus peripherals suit- 
able for remote driving extending from the 
SAA1300 which has five output stages 
capable of supplying up to 100 mA to LCD 
drivers capable of driving 160 LCD seg- 
ments each. The DTMF (dual tone 
multifrequency) and modem tone genera- 
tor, the PCD3312, also falls into the class 
of remote switching applications. A fuller 
list is given in the appendix, but for the 
purposes of this article a more detailed 
account will be given of the PCF8577 
LCD-driver. 


THE PCF8577 is designed to drive LCD 
displays. Each device is individually capa- 
ble of driving either 32 segments in the 
static mode or 64 segments in the duplex 
mode, and several devices may be cas- 
caded to permit system expansion to up to 
256 display segments. In such multiple IC 
applications, 12C bus traffic is minimized 
by additional design features, including 
automatic address incrementing, hardware 
sub-addressing, and display memory 
switching. 
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Figure 11. Block Diagram of the PCF8577 LCD Driver. 
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Figure 12. The Data Format of the PCF8577. 


The salient features of the circuit are 
shown in the block diagram, Figure 11. 
The inputs include the I2C bus, clock 
(SCL) and data (SDA), and three hardware 
sub-address address inputs AO, A1, and A2 
which are used to program the sub- 
addressed uniquely for each PCF8577 on 
the bus. The outputs include two back 
plane drivers, BP1 and BP2, and thirty-two 
segment drivers, S1 to S32. The second 
back plane signal (BP2) is only required 
during duplex mode driving of 64 seg- 
ments. In passing it should be noted that, 
to reduce pin-out requirements, AO and A2 
are shared with the oscillator and BP2 sig- 
nals respectively, but this may be 
disregarded for the moment. 


The data format of the PCF8577 differs 
slightly from that of other 12C peripheral 
circuits and is shown in Figure 12. It com- 
prises a slave address and a control byte 
followed by N segment data bytes. 


The seven-bit ‘software’ slave address 
(0111010) is identical for all 8577’s and all 
8577’s on the same bus acknowledge the 
slave address in parallel. Note that the 
eighth bit of the first byte is always set to 


‘zero, i.e. WRITE mode. The second byte is 


always a control byte and is loaded into 
the control register of all the PCF8577’s on 
the bus and again all the services 
acknowledge its receipt in parallel. Subse- 
quent data bytes are loaded into the 
segment data registers of the selected 
device (see below) but only the selected 
device acknowledges receipt of its data. If 
a STOP condition is generated after the 
control byte acknowledge, the segment 
data remains unchanged. 


There are nine user controlled byte wide 
registers in the PCF8577. The first is the 
control register which is used to control 
the loading of data into the other eight 
segment byte registers and to select the 
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display options. All PCF8577 devices on 
the bus load the control byte into the con- 
trol register from the I?C-bus and thus at 
any one time each device has an identical 
copy of the control byte in the control 
register. 


The register is shown in more detail in 
Figure 13. The six least significant bits 
select which device and which segment 
byte registers are to be loaded next and 
ac-cordingly this part of the register is 
known as the segment byte vector (SBV). 
The upper three bits of the SBV (V5 to V3) 
are compared with the hardware address 
input signals (A2 to AO) and if they are 
identical then the device is enabled for 
loading, otherwise the device ignores the 
incoming data. The three least significant 
bits (V2 to VO) define the address of the 
segment byte registers into which the 
segment data has to be loaded. 


After each segment byte is loaded, the 
SBV is automatically incremented so that 
more than one segment byte can be sent 
in a data transfer. Furthermore, since the 
SBV refers to both the device and the 
segment byte registers, then auto- 
incremented loading may proceed across 
device address boundaries provided that 
the hardware-sub-addresses are arranged 
contiguously. In an expanded system, roll- 
over of the SBV form 111 111 to 000 000 is 
also possible. 


All PCF8577 devices on the bus auto- 
increment the SBV even though they may 
not be loading segment data, but only the 
selected device transmits the acknowledge. 


The control register also has two display 
control bits, MODE and BANK. 


The MODE bit selects whether the device 
is to operate in the direct or duplex drive 
mode and the BANK bit allows the user to 
select which of the two groups of segment 
byte registers are to be displayed when 
operating in the direct mode. 


If the MODE control bit is set to zero, then 
the PCF8577 is set to the direct drive 
mode. In this mode only four bytes are 
needed to store the data for the 32 seg- 
ment drivers; accordingly, the eight 
seg-ment byte registers have been divided 
into two separate banks, even and odd 
respectively, which may be separately 
selected by the BANK bit. Setting the 
BANK bit to zero selects even bytes (bank 
A), whereas setting the BANK bit to one 
selects the odd bytes (bank B). Thus, in the 
direct drive mode, two independent dis- 
play memory maps may be stored and the 
BANK mode bit may be used to display 
either one or toggle between them. 
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Figure 13. The Nine User Controlled Byte Wide Registers in the PCF8577. 


INIT 
Load S2 - serial clock rate, with ACK, symmetric 
Load $1 - slave Rx, enable serial 1/0, 8-bit words 


Enable serial interrupt (optional) 


Call serial 1/0 routine 
Load slave address in So 


ng Load $1 to start & send 
(error address 


Get status (S1) 


<> Yes <> No 
_—_———— No Yes 
(error) 
All data? No 


Figure 14. A General Flow Chart for Addressing and Sending Data to a Slave 
CLIPS Device. 
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When operating in the direct drive mode, 
the SBV is auto incremented by two after 
each segment byte vector is loaded. Thus, 
independent auto-incremented loading of 
bank A or bank B is possible, and either 
bank may be completely or partially 
loaded irrespective of which bank is being 
displayed. 


With eight display drivers on the bus, two 
memory maps of up to 256 segments each 
may be stored, and, once loaded, it is only 
necessary to generate the relevant control 
bytes to switch between the two. 


The duplex mode is established by setting 
the MODE bit to ‘one’. In this mode the 
second back plane signal BP2 is required 
to drive the display, and consequently, 
since this pin is shared with A2, the value 
of the address pin A2 thus becomes 
undefined. 


Duplex Mode 

Accordingly, A2 (V5 in the SBV) and the 
BANK bit are ignored in the duplex mode, 
and the device hardware address is 
defined only by A1 and AO. Naturaily, the 
SBV auto-increments by one between 
loaded bytes and device sub-address 
boundaries may still be crossed. 


Inevitably, a maximum of four devices are 
permitted on the bus, but this still allows 
256 LCD segments to be driven. 


A flow chart for addressing and sending 
data to a slave CLIPS device is shown in 
Figure 14. It is assumed that the ‘main 
program’ calls the serial I/O routine when 
it is necessary to update the display. 


After each byte has been put into SO and 
transmission has started, S1 is repeatedly 
checked for PIN = 0 indicating that all 
eight bits of data have been sent and that 
the ninth clock pulse has also been gener- 
ated. The LRB bit in S1 can then be tested 
to see if the data has been acknowledged. 
When all the data has been sent, a STOP 
is generated. 


Figure 15 is a complete software listing of 
program that could be used for driving the 
PCF85/77. 


While in the above example a single dis- 
play driver was used, the expansion to two 
or more devices involves no new |2C bus 
principles and the application circuit Fig- 
ure 16 shows how straightforwardly it may 
be implemented. 


There are other LCD drivers in the CLIPS 
family designed specifically for higher lev- 
els of multiplexing and for dot matrix 
displays; namely, the PCF8576 and 
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PETES TSC SSCS SS SOCOCeeleeseeeserr ec etesr reser) 


bytA MOV A,S] 


bytC MOV S1,A 


* 


cOD asect 


HHRMA EK IREKRKEKEKAKR MERRIER KKKEKKEKKEREKEKKARKKKKKKK 


Routine for driving PCF8577 LCD driver and liquid crystal display 
via the IIC bus from MAB8400 master. 


PI HTH III IIIT HHH IKKE KKK EKER KKHIKREKKEMEKEKKHKEKEKKKKHK 


In this example of single master ‘'dumb' slave system the program first goes 
through a short SIO initialisation. The display routing DISP is called as 
a subroutine. 

The PCF8577 is used in the direct drive mode to drive 32 segments of LCD. 
The data to be displayed is assumed to be in the lower nibble only of 

RAM addresses 30-33Hex. 

Conversion of the numbers into data for driving the segments of the LCD 

is via a look-up table. 

In this example all 32 segments are loaded or updated using the 
auto-incrementing of the PCF8577 register addresses. (If you need to 
change one digit only then just the appropriate register need be updated. ) 
In this example the Pending Interrupt Not bit will be polled, as an 
alternative to using the serial interrupt. The latter would give a more 
complex program but leave the CPU more time for other activities. 


rom, inpage 
page 256 

entry strt 

org 00 


JMP init 
org 09 


reset vector 

clear of interrupt vectors 

MOV S2,#H'43' with ACK, SCLK=&7KHz with 4.43MHz Xtal. 
MOV $1,#H'18° slave, receiver, enable serial I/0 

NOP main program! 

CALL DISP call display subroutine 

JMP main 


MOV RO,#H'30' 
MOV R7 , #04 

MOV SO,#H'74' 
MOV S1,#H'f8' 


pointer for display data 
counter for digits 
address of PCF8577-write 
send out address 
get SIO status 
JB4 bytA wait for PIN=0 
address sent so now check for acknowledge: 

ERROR no acknowledge so go ERROR 


now send Contro? Byte to PCF8577 

select direct drive, bank A, 010 device address, 000 segment byte address. 
S0O,#H'10' this send control byte out and resets PIN=] 

get S10 status 

wait for control byte finished, PIN=0 

check for acknowledge. 


JB4 bytC 
JB0 ERROR 


* Now get numbers from RAM, converting to segment data with look-up table SEGT 


num OV A,@RO 


* 


get number 

A,#H'50' start address of look-up table 
A,@A get segment data 

S0O,A send out data 

RO set pointer for next number 
A,S1 SIO status 

bytD wait for PIN=0 

ERROR ACK? 

R7 ,num finished? 


* message is finished so STOP must be sent. 


Stop MOV 
*x 


S1,#H'd8' send Stop. 


RET return to main program 


JMP Stop clear bus and try again! 


org H'50' 
data H'7E' 
data H'06' 
data H'DA' 
data H'8E' 
data H'AS' 
data H'AC' 
data H'FC' 
data H'OE' 
data H'EE' 
data H'BE' 


Segment look-up table 
Segment data for '0' 


WOANMNMHAWN— 


END 


Figure 15. 
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PCF8578. Naturally these devices need 
more control information to be sent in 
order to select between various modes of 
operation, but apart from the need to 
increase the number of control bytes 
between the slave address and the seg- 
ment data, the data format remains the 
same and hence the driving routines are 
very similar. 


In contrast with general purpose CLIPS 
such as the LCD drivers mentioned above, 
a dedicated peripheral, which may be used 
for the generation of DT[MF, modem and 
musical tones, will be briefly described. 
The device, in contrast with the general 
purpose 14 pin tone generator (PCD3311), 
the PCD3312 requires only eight pins, two 
of which are required for the 12C-bus, one 
for the tone output and a hardware 
address pin AO. This latter pin identifies 
the particular device when two PCD3312’s 
are connected to the same bus. Because 
all the filtering is done on-chip, no external 
components are required. 


The simple data format is shown in Figure 
17. The first byte, slave address, is fol- 
lowed by a single data byte. The lowest six 
bits in this byte are used to switch the 
oscillator on and off and to select various 
tone or tone combinations. These include: 


e single-and-dual DTMF frequencies in 
accordance with CEPT CS203 

e 300 and 1200 baud modem frequencies 
in accordance with V21, V23, Bell 103 
and Bell 202, and 

e two octaves of musical semitones in the 
frequency range 622 to 2489 Hz. 


Modular Approach 

Accordingly, with this single dedicated cir- 
cuit a range of advanced DTMF/DECADIC 
‘feature telephones’ with repertory, display, 
calendar-timing facilities may be con- 
structed from what may be regarded as 
general purpose components. Such a 
modular approach, centered on the I2C- 
bus, leads to a high degree of flexibility: 
increased memory size or use of non- 
volatile RAMs instead of volatile ones, 
display options, etc, which are typical of 
12C-bus applications. 


The SAA1300 remote switch was designed 
to enable the |2C bus to be used to control 
the power supply lines of integrated cir- 
cuits or other parts of a system. 
Consequently, the five-output stages were 
designed to supply 100mA in the on-state, 
or sinking — 100,A in the off stage. Natu- 
rally current limiting and short-circuit 
protection are included on chip and there 
are limitations on the total power dissipa- 
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Device sub address 
A2.A1.A0 = 000 


Device sub address 
A2.A1.A0 = 001 


Device sub address 
A2.A1.A0 = 111 


Figure 16. PCF8577 Direct Drive Display Application Diagram with Expansion to 


256 Segments with 8 PCF8577 Units. 


Acknowledge from slave 


m.s.b R/W 
El ENC 0) EEC 


\—— Slave address ——“ 


UU Data-_-_____Y 


Internal STROBE for data latching 


Figure 17. The Data Format of the PCD3312. 


tion which prevents the supply of the 
maximum current at all the output stages 
simultaneously. 


One of the output stages can be alterna- 
tively used as a sub-address input, and up 
to three circuits may be attached to the 
same !2C-bus. The 2-byte data format is 
similar to that of the previously described 
PCD3312, a slave address byte followed by 
a data byte. The only unconventional fea- 
tures of the circuit are the use of bipolar 
technology to obtain the high current cap- 
ability and the use of a single sub-address 
which recognizes three separate voltage 
levels to select one of a maximum of three 
devices on the bus. 
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LED Drivers 

Naturally, LED display applications fall 
between the very low current drive 
requirements of LCD’s and the applica- 
tions for which the SAA1300 was 
designed, and a specific LED driver is 
planned to fill this gap. Meanwhile the 
PCD8574 !/O port expander, to be 
described next, may be used as a LED 
driver. 


An A/D and D/A integrated circuit, the 
PCF8591, is in development and, while it 
should be classified as a slave transceiver 
which will be featured more fully in a sub- 
sequent article, the D to A part is an 
example of another category of simple 
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receive-only-peripheral I2C-bus applica- 
tions. The complete device possesses a 
four-input multiplexed analogue to digital 
converter and a single I2C-bus to analogue 
output converter; the device is designed to 
function simultaneously as an ADC and 
DAC. 


The data format is similar to that of the 
PCF8577 which in the DAC mode com- 
prises a slave address (including three 
hardware sub-address kits), a control byte, 
and a data byte. 


I2C MASTER CONTROLLER 
OPERATION 


l2C bus applications have been considered 
in which, a single master controller was 
programmed to write to one or more 
receive-only slaves. A liquid crystal display 
driver was used as the example, controlled 
by the MAB8400 microcontroller. 


A larger range of CLIPS peripherals do not 
just receive data but respond with data; 
e.g., RAMs, I/O expanders, analogue to 
digital converters, etc. 


The purpose of this section is to describe 
what is currently the most common con- 
figuration of the 12C bus, namely a single 
master microcontroller in the WRITE and 
READ modes. The particular case to be 
considered will be the use of the bus to 
store and retrieve data from the Mullard 
PDC8571 128 x 8 CMOS RAM with |2C 
interface. 


As before it will be assumed that there is 
but one ‘master’ using the 12C bus. Arbitra- 
tion between competing masters will be 
covered next month. 


However, before this specific application is 
studied, the general format of the data is 
described. 


The data format for sending data is shown 
in Figure 18a. The START condition is a 
falling edge of the serial data line (SDA) 
when the serial clock line (SCL) is still 
high. Then follows a seven bit address, to 
select the slave, together with the WRITE 


’ bit (0). This is followed by the acknowledge 


bit when the transmitter leaves SDA high 
and checks for the receiver dragging SDA 
low. In the case of the RAM the next byte 
is a pointer or word address but this could 
well be a command with other peripherals. 
This byte is acknowledged. The subse- 
quent bytes are the data flow, each 
acknowledged, and the communication 
terminated with a STOP condition (rising 
edge of SDA with SCL high). 
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Figure 18a. Format to Write Pointer Value and Two Data Bytes. 
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is the START condition 


is the slave address of the CMOS memory PCD8571 

is the pointer address (internal RAM location address) 
is the read/write bit in write status (= 0) 

is the read/write bit in read state (= 1) 

is the acknowledge bit; this has to be '0' 

is the not acknowledge bit, this has to be ']' 


is the STOP condition 


Figure 18b. Format to Write Pointer Value and Read Two Data Bytes. 


Though some peripherals may just send 
data as slave transmitters when addressed, 
many peripherals need a command or, in 
the case of a RAM, an address pointer, sent 
after the device address and before the 
actual data can be returned. This means 
that at the start of the conversation the 
master is a transmitter and then, having 
sent the slave address and the appropriate 
command(s) or pointer, the master must 
turn the conversation round and receive 


data from the slave transmitter. At the end - 


of the conversation a STOP condition has 
to be created to clear the I2C bus. 


The format for sending a pointer and 
receiving data is shown in Figure 18b. The 
READ/WRITE bit only occurs as the least 
significant bit of the slave address which 
follows the start condition; therefore a 
second start condition is generated fol- 
lowed by the slave address with the READ 
bit set (1) When all the required data has 
been received, the master receiver 
instructs the slave transmitter to release 
the bus by sending a ‘not acknowledge’ of 
the last data byte; the master can then 
generate the stop to clear the bus. 


In the CLIPS family of I2C peripherals the 
four most significant bits of the device 
address are commonly fixed within the IC 
leaving the three LSBs for selection by wir- 
ing. This means normally up to eight 
CLIPS of the same type can be used ona 
single IC. 


Some CLIPS devices, such as the 
PCD8571 RAM, receive or send several 
bytes of data in each transfer and these 
devices usually auto-increment their inter- 
nal word address pointer after each byte, 
so such block transfers use the bus 
efficiently. 


In the previous article the high speed, or 
normal mode of the !2C bus, has been dis- 
cussed. The I2C bus specification also 
allows for a slow speed mode. This mode 
is to facilitate the driving of CLIPS devices 
by controllers not specifically designed to 
interface and control this bus. 


In the low speed mode the serial clock is 
limited to 2kHz and the data format 
includes a START byte (01Hex) imme- 
diately after the start condition, and before 
the slave address, to indicate that the low 
speed mode is being used. 


When using the MAB8400 range of micro- 
controllers for controlling the 12C bus, the 
following software functions should be 
included in the user’s program. 


First, a reminder of the special serial 1/O 
registers being used: ‘SO’ is the data regis- 
ter connected to the bus, and data/address 
is clocked in or out of SO on the rising 
edge of SCL. 


‘S1’ is the status and control register: 


Mst|Trx|BB)PIN 


‘S2’ is used to set up clock speeds, etc: 


i—|ACKjASC|5 Clock speed bits 


Within the normal initialization routines in 
the user’s program, the initialization of the 
serial I/O is carried out, e.g.: 


MOV S2,#h‘43’ 

Clock at 87 kHz, with ACK. 
MOV S1,#h‘18’ 

Enable Serial |/O, slave Rx. 
ENS! 


(Enable Serial Interrupt if used) 
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When the main program calls the Serial 
I/O routine to read data from a slave, the 
address of the slave is sent out following 
the START condition, e.g.: 


MOV SO,#h‘A0’ 

Slave address — write mode. 
MOV S1,#h‘F8’ 

Send START and device address. 


Wait for ‘address sent’ by polling PIN or 
serial interrupt as shown last month: 


MOV S1,A 
Check status 
JBO ERROR 
Check for acknowledge (LRB = 0) 


Now the ‘command’ or address pointer is 
sent: 


MOV SO,#h‘xx’ 
Send command ‘xx’ 


and tests for PIN = 0 and LRB = 0 (ACK) 
etc. performed. 


Having sent the command or pointer, it is 
now necessary to reverse the direction of 
the communication on the |2C bus. 


Multiple starts are permitted within the l2C 
protocol so the slave address is transmit- 
ted again but this time with the LSB = 1 
(READ). 


Loading or reading SO clears PIN and 
allows the SCL to restart so, if SO is just 
loaded with ‘slave address+read’, transmis- 
sion will start immediately as if this were 
data and it would be received by the slave 
as data. The START condition distin- 
guishes ‘address + R/W’ from data bytes. 


First the serial data, SDA, and serial clock 
SCL lines are released by: 


MOV S1,#h‘18’ 
Slave, Rx, BB =0, ESO = 1 


This is not a STOP condition as the master 
is no longer a transmitter. First the SDA 
will go high. Then the SCL goes high and 
this action clocks the data into the last 
received bit of S1 so both SDA and SCL 
can be checked to see if they are high by 
testing S1 for LRB = 1, and it is then clear 
to create a fresh START condition: (see 
Figure 19). 
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SCL 


ackn, 


SCL pulse PIN=me> 0 


last data 
mt LRB = 0 


MOV S] # BE=me 0 
PIN+ESO START 


LRB=ae] repeated 


condition 


Figure 19. Testing Status Bits BB and LRB to See Whether the SCL Line has 


Been Released. 


MAB84XX 


Vss 


Master 
transmitter/ 
receiver 


Slave 


receiver/ 
Ol = 


Figure 20. Block Diagram MAB84XX — PCD8571 Serial RAM Configuration. 


Test 

MOV A,S1 Get status, 
JBO Restrt LAB =1 so go to repeat start. 
JMP Test Still waiting — try again. 
Now to turn bus round: 

Restart 

MOV SO,#h‘A1’ Slave address + read 
MOV S1,#h‘F8’ START — Master, Tx, 


BB = 1, PIN=1, ESO =. 


Though the MAB8400 sends this repeated 
start plus slave address in master transmit 
mode because the LSB = 1 (Not Write), the 
MAB8400 changes to master receive mode 
at the end of the byte. The addressed slave 
generates the ACK on the ninth clock and 
becomes a transmitter. The master checks 
for receipt of the acknowledge and then, to 
reset the PIN and allow clocking to con- 
tinue, SO is read, even though it just 
contains the slave address and read. 


To read bytes of data from the slave the 
master receiver continues providing the 
serial clock, and on its ninth clock the 
master holds SDA low to acknowledge the 
receipt of the data. To clear the bus after 
each byte then: 


MOV A,SO 


reads the data, clears the PIN bit and 
allows the clocking to continue. 


When the required number of bytes has 
been read by the master receiver, the mas- 
ter has to indicate this to the slave 
transmitter. 
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This is where the acknowledge bit comes 
in. The master is generating nine clock 
pulses for each byte and is pulling SDA 
low on the ninth. !f the master receiver 
does not acknowledge but leaves SDA 
high on the ninth SCL, then the slave 
transmitter will cease sending data and will 
leave the SDA and SCL high also. This is a 
requirement of an I2C peripheral. Now a 
STOP condition can be generated by the 
master. 


The MAB8400 is the first of a range of I2C 
bus controllers and the generation of the 
STOP condition in master receiver mode is 
fairly complex. Later controllers, already in 
development, have simpler solutions. 


First, a ‘not acknowledge’ must be created. 
Before clocking the last data byte from the 
slave transmitter, the MAB8400 is set in the 
not acknowledge mode by clearing the 
ACK bit (bit 6) in S2: 


MOV S2,#h‘03’ 
(was 43 when initialized) 


This is done before reading the penulti- 
mate byte from SO in the master receiver. 
The MAB8400 will now provide eight clock 
pulses only to receive the final data byte. 
The slave transmitter is now waiting for the 
ninth clock pulse with SDA heid low as an 
acknowledge. As the MAB8400 is in the 
‘not Ack’ mode, after eight clock pulses 
PIN = O (and serial interrupt, if enabled) 
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and the SCL stays low. The last received 
byte is now in SO. 


One more clock pulse is needed with SDA 
left high so the bit counter in S1 is set for a 
word length of one: 


MOV S1,#h‘A9’ Mst, Rx, BB, PIN =O, 


ESO =0 & BC = 1. 


The clock is released as the received byte 
is read from SO: 


MOV A, SO 


and the slave transmitter sees the ‘ninth’ 
clock with.‘no Ack’, as this READ will leave 
SDA high, so releases the bus. 


last byte to accumulator 


The master checks that the single bit has 
gone out by checking for PIN = 0 (comple- 
tion of transmission of the one-bit word); 


GON MOV A,S1 Get status 
JB4 GON wait until PIN =0. 


The ‘with Ack’ mode can now be restored 
and the STOP condition sent: 


MOV S2,#h‘43’ 
MOV S1,#h‘D8’ 


This clears the bus so a new conversation 
can be started. 


A practical example. Figure 20 shows the 
PCD8571 RAM connected to the MAB8400 
microcontroller. 


The PCD8571 is a 128 x 8 CMOS RAM 
and as it uses the I2C bus for both data 
and address, it is housed in an eight pin 
package. Three address pins are supplied 
to allow up to eight PCD8571s to be on the 
same I?C bus. 


Access time is determined by the 100kHz 
maximum clock rate of the 12C bus speci- 
fication. In power-down mode data may be 
maintained by a1 volt battery from which 
it draws typically only 50nA. 


A program for reading four bytes of data 
from the RAM is shown. This program was 
modified to read just two bytes and oscil- 
loscope pictures of the serial data and 
clock lines taken. The composite picture is 
shown in Figure 21. 


The serial clock frequency used is 87kHz 
and at this speed the time between each 
acknowledge and the restarting of the 
clock is significant. It is then that the check 
is made for Ack and the I/O register SO is 
read. Faster 12C bus microcontrollers are 
in development which will reduce the time 
interval between successive bytes on the 
bus. 


After the pointer has been sent and 
acknowledged, both SDA and SCL are 


low. The bus is cleared (both high) by the 
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Figure 21. SDA (top) and SCL MAB8400 Reading Two Bytes from PCD8571. 


MOV S$1,#h'18' instruction (line 42 of list- 
ing) so the second start condition can be 
generated (line 48). 


The eight clock pulse for the last data byte 
can be seen clearly; the rising edge of the 
delayed ninth clock pulse clocks the 
NACK into the PCD8571 to indicate the 
end of transmission. The SDA is left high 
and is then taken low by the MOV 
$1,#h‘D8’ instruction (line 77) when the 
STOP condition is generated (SDA low to 
high with SCL high). 


A non-volatile memory (EEPROM) equival- 
ent of the PCD8571 is being developed. 
This circuit, the PCF8572, has the same 
pinning and hardware address as 
PCD8571; it can be used as a plug-in 
replacement for the RAM. Naturally there 
are some differences for which allowances 
have to be made. 


In the first place the single 5V power 
supply voltage has a more restricted range 
of +10% and secondly the write cycle (ie, 
erase/rewrite) time is now significantly 
longer (10 ms/byte). As a consequence, the 
circuit will not accept more than two con- 
secutive data bytes in the write mode, but 
otherwise the data format is the same as 
has been described above. Furthermore, 
the device is block-erasable. Finally, allow- 
ance has to be made for the inclusion of 
an RC-time constant at pin 7 which is not 
required in the RAM application. 


Clock/calendar/timer. The PCB8573 is a 
real time clock/calendar circuit using a 
32kHz crystal controlled oscillator and an 
auxiliary 1.2V battery to protect against 
power supply interruptions. The device 
has both addressable time counter and 
addressable alarm register for minutes, 
hours, days, and months. Access to the 
counter and the alarm register is via the 
l2C bus. Consequently, the circuit not only 
functions as a clock/calendar but also can 
be used for presetting a time and/or a date 
for alarm or remote switching function. 


Figure 22 shows a block diagram of the 
circuit. In essence the timer function is 
provided by comparing the time-counter 
and alarm registers. When the contents are 
equal, a flag COMP is set. This flag is 
accessible either via the |?C bus or via an 
external pin. The comparison may be 
based upon hours and minutes only if the 
internal flag NODA (no date) is set. 


The data format of this slave transceiver 
follows the general format described 
above. Specifically, the control byte or 
mode pointer is divided equally into an 
upper control-nibble and a lower 
address-nibble. 


The former is used to read or set the con- 
trol and status flags as well as for seconds 
adjustment, whereas the latter is used to 
set or read the time counter or alarm regis- 
ter, i.e. selects hours, minutes, days or 
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months. Each of the two registers is 24 bits 
long but four data bytes are necessary for 
complete data transfer to or from each 
register. 


Remote 8-bit 1/O Expander 
PCF8574. 


The block diagram of this circuit is shown 
in Figure 4. The device was designed as a 
remote I/O expander for the 8400 and 
84C00 families of 8-bit microcomputers 
but naturally it can be used to interface 
microcomputers without a serial interface. 
When used as an input device an interrupt 
line, INT is used to interrupt a master 
device on the |?C bus so that the PCF8574 
remains a slave transceiver. 


The I/O ports are quasi-bidirectional and 
thus can be used as inputs or outputs 
without the use of a control signal for data 
direction. Any bit designated as an input 
must be first loaded with a logic 1, 
although all ports are set to logic 1 auto- 
matically by the power-on-reset circuit. 


Reading from and writing to the I/O ports 
follows the principles already outlined and, 
in doing so, it is only necessary to recog- 
nize that in a read cycle the inputs are 
latched in the same clock period as the 
acknowledge signal after the state address, 
and in the write cycle the outputs are 
latched in the acknowledge signal clock 
period after receipt of the data byte. 


It has already been mentioned that the 
PCF85/74 is a slave transceiver so, in the 
event of an input change, the device does 
not take control of the |2C bus to transmit 
the relevant information to the microcon- 
troller but uses a separate interrupt request 
line. The microcontroller then takes action 
to read the port expander concerned. An 
interrupt is generated by any rising or 
falling edge at a pin which has been 
designated as an input. The interrupt sig- 
nal (INT) is reset either when the data on 
the input in question returns to its original 
value or when data is read from or written 
to the port which has generated the 
interrupt. 
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s Routine for reading from PC08571 CMOS RAM 

® via the I12C bus with MABE8400 microcontroller as Master 

ARARAAAARARRARARAKAEAKRARARARAARAERARARARARAERAHRARARARARAAAARARARAARERATHRARARERRERRARRARRARAESE 

* In thas example of a single Master conversing with a responsive CLIPS device 
the Master sets up a pointer for the word address in the RAM, then becomes a 
Master Receiver to read from the RAM. The Master indicates the end of the 
conversation by Not Acknowledge and, having become a Master Transmitter again 
puts out a Stop condition to clear the bus. 
For this example the data to be read 18 in addresses 10-13Mex in tne RAM and 
will be stored in 830-33 in the MABe4sa0. 


_ 
ova nto wm fwn — 


_ 
_ 


RAMR asect rom, inpage 
page 256 
entry strt 
org 0 
JmeP init reset vector 
org 09 Clear of interrupt vectors 
MOV $2,8H'43° wath ACK, SCLK=@7KHz2. 
MOV S1,0H' 16° slave Rx,Enable Serial 1/0 
woP Main program! 
CALL OAR Call read data routine. 
JMP main continue main program. 


ee a ee a ee 
ow ON OW FW HH 


NNR 
run 


MOV RO, 8H ' 30° pointer for read data to be stored. 
MOV R7, 802 Counter for number of bytes to be read -2. 
MOV $0,8H'AO' Address of PCD8657! (1010000) + Write (0). 
MoV $1,@H' FB’ START and send address 
-Mst,Trx,BB, PIN, ESO, 68ats. 
bytA MOV A,SI get SIO status 
384 byta wait for PIN=0 ,(address sent) 
380 ERROR exit if no ACK. 
* Address sent so now send word address pointer 
MOV $0,8H'10' address of first word to be read. 
bytW MOV a,S! Get status ’ 
384 bytw wait for PIN=0 (word address sent) 
J80 ERROR Check ACK. 
* PC08571 now set up with pointer so change Master from Write to READ. 
* SCL and SDA currently LOW as PIN=0 not yet reset. 
MOV $1, 8H' 16° Clear Bus Busy bit to clear bus, PIN=1, ESO=1. 
Test8 MOV A,S1 get status 
380 Clear LRB=1 so Clear to continue. 
JMP Testé Stall waiting for bus to clear - try again. 


www Ww» A MH PD 
fun ower ennui 


Fw ww w& Ww 
ovonmw 


- 
_ 


62 
43 


® 
Clear MOV $0,8H Al’ Address of PCD8571 + READ 
MOV 51,84 FB° START - Mst,Trx,68,PIN, ESO, @8its. 
bytR MOV A,S1 Get status 
JB4 bytR ' waat for PIN=0 
380 ERROR 
* MAB6400 now a Master Receiver. To release the Bus clear PIN by reading SO. 
MOV a,S0 SCL can now run to fetch data from RAM 
bytd MOV A,S1 Get status 
JB4 bytOd Wait for PIN=0 (Oata received.) 
MOV A,SO Read data received and clear PIN. 
MOV @RO,A store data away. 
IWC RO increment data store pointer. 
OINZ RT, bytd Gata byte counter>0, get more. 
* Penultamate byte on its way. 
bytP MOV A,S!1 Get Status 
J84 bytP wait for PIN=0 
* Now change to No Ack mode to signal PCD8571 ‘end of conversation: 
* Penultimate byte still in SO and but 1s not moved until No Ack mode 1s set up. 
MOV $2, 8H ‘03° WO ACK, 87KH2. 
MOV A,SO read data. PIN=1, SCL restarts. 
MOV ORO,A store away byte just read. 
IWC RO increment data store pointer for final byte. 
MOV A,S) get status 
384 bytF wait PIN=0 (final byte an $0) 
byte so a "No Ack” must be sent to RAM - a one bit word 
MOV S1,8H' Ad" Mst Wx, 88,PIN=0,E50,8C=1 
MOV a,S0 read final byte and release dus 
one bit word. 
MOV QRO,A Store away final byte. 
* Now check one bat word transmission complete. 
MOV AS! get status 
JB4 GON wait PIN=0 
mov $2, 8H 43° restore “with ACK" mode 
MOV S1,8H'08' STOP 
MAB8400 automatically reverts to Slave Receiver after STOP. 
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RET return to main program. 


JMP IF ERROR - STOP 


om @ @ @ 
Wrw nan — 


END 
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Figure 22. Block Diagram of the PCB8573. 


R: pull-up resistor 


PCD8571 VoD _ Master device Rest of 


128 x 8 bit static microcomputer system 
CMOS KAM 


PCF8577 
64 LCD Segment 
driver 


8 digit LCD 


Rch : resistor for 
permanent charging 


12Cbus 


Power failure detection circuit 
with very high impedance 


Figure 23. Application Example of the PCB8573. 
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In Figure 23 a typical application of the 
clock/calendar circuit the PCB8573 is 
shown. The most obvious point about this 
application is that this is neither the simpl- 
est nor the cheapest way of making a 
clock/calendar with an LCD display since 
there are several ICs capable of perform- 
ing that function alone. However, in a 
system in which a microcontroller is per- 
forming a large number of other tasks, 
using its 8-bit wide ports, it will be simpler 
and cheaper to use a serial port to provide 
additional features and facilities, which do 
not require high data transfer rates, such 
as the clock/calendar function. This is 
because the costs of interfacing between 
the microcomputer and a separate dedi- 
cated clock circuit may be high. Thus the 
first application area is one of incremental 
facilities which in themselves may not be 
particularly expensive to provide in isola- 
tion, but might be to add to a more 
complex system. 


A second related aspect of I2C bus 
designs is that it allows for ‘optional’ facili- 
ties i.e. some equipments may require a 
clock, others not. A_ particularly good 
example of this is a facility phone shown in 
Figure 24, where a DTMF option can be 
readily added or the repertory dialing 
memory can be easily extended, simply by 
plugging in extra integrated circuits, e.g., 
PCD3312 and PCD8571. 


The circuit shows the PCD3340 repertory 
dialer controller. This is a special adapta- 
tion in CMOS of the general purpose 
MAB8420 microcontroller to make it more 
suitable for telephone applications. It has 
sufficient RAM on board to store 10 reper- 
tory numbers and possesses redial and 
extended redial features. The microcon- 
troller interfaces directly with a suitable 
transmission circuit such as one of the 
TEA1060 family and provides decadic dial- 
ing and register recall outputs. 


This circuit, together with two LCD drivers, 
forms the starting point of a facility tele- 
phone with repertory and display features. 
To extend the repertory store, it is only 
necessary to add PCD8571 RAMs to the 
l2C bus and, to add DTMF signaling, the 
PCD3312 tone-generator, described 
earlier, is ‘clipped-on’ the bus as well. 
Naturally there would be advantages in 
using EEPROMs instead of the RAMs. 
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12C Bus with Multiple Masters 
Previously bus configurations with only 
One master have been discussed. An 


DTMF ; increasing number of applications use 
ape nh more than one master, either initially to 
switch ] divide the total system tasks or as exten- 
FLASH) i mt sions added to provide customer options. 

DP pe ereeney ee In the latter case, as long as the original 
MUTE PCD3340 single master was programmed to 

se at re accommodate the possibility of having to 
Sentai ies compete for the l2C bus, the additional 
aur 2 PCF8577 masters can be added without modifying 
LCD Drivers the program of the original master. This 
eal assumes that the added master is not 
required to communicate with the original 
master. 


In a system designed with several masters 
the possibility arises that masters, compet- 
ing for the bus, may be addressing each 


other so this must be allowed for. | 
re 
Ta Two or more masters may use the same 
M/s ee bus just to drive their ‘own’ sets of peri- 


pherals or they may even share 
peripherals. The MAB8400 microcontroller, 


; commonly used as a master, may also be 
Figure 24. Repertory Dialing Facility Phone. 


Bit 7 Address register Bit 0 WR ADDR. latches 
(J uc bata bus Address back up latches ALS WR SO | 8400 
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[Muti master only pueVess comparator logic 


Bit 7? fT t tit ff sito 
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Dig. Data | Data shift register | register 
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(Pin 2) LRB AAS | ADO PIN} 
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O-—— Reset Clock control Bit 0 
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. : sr] [oy 
(in 17 req | caf [sr] rx 0 [row 22] £02 
a TR a fs | 
RD S} 
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O filter logic + 
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a ose Serial clock pulse generator | ees Internal clock 


Progr.counter 


Figure 25. Block Diagram of the MAB8400 SIO Interface. 
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used as an ‘intelligent’ slave and can have 
its address loaded by software. 


For the 12C bus to function with multiple 
masters, an arbitration system is required, 
and this section describes both the arbitra- 
tion and the software control of a 
multi-master system. 


The first section described how master 
controllers competing for the bus can 
recognize competition. As the connection 
to the bus is by open-drain MOS, with a 
common pull-up resistor, a LOW always 
overrules a HIGH and as the serial !/O pins 
are quasi-bidirectional, a device failing to 
get a HIGH bit onto the bus will be able to 
recognize that fact. 


The second section showed the serial I/O 
section of the MAB8400, but, as this will be 
referred to in some detail, it is shown again 
in Figure 25. 


Register SO’ is used for the address of this 
device so it may be addressed as a slave. If 
a START condition appears on the |2C 
bus, then the address following it is fed 
into SO and then compared with SO’. If the 
comparison is true, then PIN bit in S1 is 
set to ‘0’ and, if enabled, the serial interrupt 
is asserted. 


If the LSB in S1’ is set to ‘1’, this indicates 
the always selected (ALS) mode in which 
case the comparison of address is 
assumed true. 


S2 operates as previously described and is 
used to set up the serial clock frequency 
and operating modes in the initialization 
routine. 


The significance of each bit in the serial 
status register S1 requires more detailed 
explanation: 


The master bit (MST) is set to ‘1’, by soft- 
ware, when the interface is in the master 
mode, in which case this device provides 
the serial clock SCL. It may be reset by 
software, but will be reset to ‘0’ if the 
device loses the bus in an arbitration 
contest. 


TRX Operating code 


‘Slave receiver' 
"Master receiver’ 
‘Slave transmitter’ 


‘Master transmitter’ 


Figure 26. Operating Modes Set by Bits 
MST and TRX. 


The transmitter bit (TRX) is set to ‘1’, by 
software in master mode, when transmit- 
ting. It can also be set to ‘1’, in slave mode, 
when another master demands that data 
be transmitted by this device. It will be 
reset to ‘0’ if arbitration is lost. Both MST 
and TRX are reset to ‘0’ by a STOP 
condition. 


The operating modes of MST and TRX are 
summarized in Figure 26. 


The busy bit (BB) is set by hardware when- 
ever a START condition appears on the 
12C bus and it is reset by a STOP condi- 
tion. When in master transmitter mode, it is 
set to ‘1’ by software to create a START 
condition and reset to ‘0’ to create a STOP. 


Setting the pending interrupt not bit (PIN) 
to ‘0’ initiates a serial interrupt, if enabled. 
As long as PIN = 0 the serial clock is held 
LOW. It is taken LOW by several condi- 
tions — a complete word has been 
transmitted, this device has been 
addressed or a complete word has been 
received. It is reset to ‘1’ by reading from 
or writing to serial data register SO or by 
direct operation on S1. 


The enable serial output bit (ESO) enables 
the serial I/O. If ESO =0 then the SCL pin 
is at high impedance and the SDA pin 
reverts to an ordinary port pin. Also, with 
ESO = 0, any data loaded by software into 
SO is also latched into SO’ thus enabling 
this device to load its ‘slave’ address. 


The arbitration lost bit (AL) is set to ‘1’ 
whenever this device transmits a ‘high’ 
onto the serial data line and this is over- 
ruled by a ‘low’ written by some other 
device, or noise. Setting of AL also resets 
MST and TRxX. It is cleared by a MOV to or 
from SO or S1. 


The addressed as slave bit (AAS) is set to 
‘1’ when the comparison between the data 
received after a START and SO’ is true, or 
anyway if the ALS bit in SO’ is set. 


The addressed by Os bit (ADO) is set if an 
all zeros byte is received following a 
START condition, this being the ‘general 
call’ address. 


The last received bit (LRB) reflects the 
state of SDA and is latched in by the rising 
edge of each SCL. It is normally used to 
check for acknowledge, as described 
earlier. 


In the simpleset case of multi-masters the 
controllers only communicate with slave 
peripherals and not with each other. 


After initialization, the user's program should 
include the following actions for control- 
ling the bus. 
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When a potential master requires the bus, 
it must first check that it is free. As any 
other master currently using the bus must 
have put a START condition onto it, this 
will have set the bus busy bit within all 
potential master MAB8400 controllers. 
This can be checked by examining the sta- 
tus register S1: 


MSTX MOV A,S1 
JB5 MSTX 


BB can be checked indefinitely or, if the 
system involves lengthy bus useage, for a 
finite time before withdrawing to try later. 


Get status 
Bus busy so try again. 


Having established the bus is available, the 
slave address is loaded into SO ready for 
transmission. S1 is then loaded to create a 
START and send out the slave address. 


MOV SO,#SLAD Load slave address into SO 
MOV S1,#H‘F8’ Mst, Trx, BN, PIN, ESO. 
— START. 


In the interval between checking BB and 
sending out a START, another master may 
have put a START onto the bus. The serial 
I/O hardware of the MAB8400 will recog- 
nize this START and automatically prevent 
a further transmission of a START. tn this 
case the MST and TRxX bits will be reset to 
‘0’ and the AL bit set to ‘1’. 


If a competing master sends out a coinci- 
dent START, then both potential masters 
will send out the slave addresses. The 
clock arbitration circuit on the MAB8400 
ensures that an effective SCL results from 
competing masters. As the bus ensures 
that LOWs overrule HIGHs, the lower, 
numerical value address will succeed at 
some stage. At this moment the device 
sending out the higher address will imme- 
diately cease putting data out. The MST 
and TRX bits in the loser will be reset to ‘0’ 
and its AL set to ‘1’. 


At the end of this first byte the status regis- 
ter is examined just as in the single master 
configurations described earlier. Examina- 
tion of the MST bit will show if the 
transmission was successful and the LRB 
bit will show if the addressed slave has 
acknowledged. 


MOV A, S1 Get status 
JB7 MSTR Still master? 
RETR Return 

(If serial interrupt used) 
MSTR JBO ERROR Check for 


acknowledge... (0 = O.K.) 


Communication now continues as with 
single master and the final STOP condition 
will clear the BB bit in ALL the l2C bus 
controllers. 
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Bus free? 


(BB = 0) 


Load SO with SLV 
addr, and R/W bit 


Start transmissio 
by setting the 
following bits 

in S} to 1: 
MST TRX 88 


Serial interrupt 
routine entered 


Save accumulator 
select register 
bank 


Generate ‘stop' 
conditions 


Adapt bit 
ter in Sl 


If the system uses two or more MAB8400 
communicating with each other, as well as 
_ the CLIPS peripherals, then different pro- 
cedures are necessary. 


First, before the serial !/O is enabled, the 
MAB8400 loads its own address into SO’: 
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Adapt bit 
counter in $1 


Figure 27. Flow Chart of the ‘Master’ Mode After Initialization. 


$10 
service 


Go to slave 
routine (Fig. 4) 


_ Last byte 
received? 


xt byte i es 


B data bits Load bit counter 
with 1 for neg. 
acknowledgemnet 


Restore ackn. bit 
generate'stop 'cond 


MOV SO,AOWNAD Load own address 
MOV S1,#H’18’ PIN + ESO 


Now, just as before, when this master 
requires the bus, it checks BB and then 
sends out a START and slave address. 
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However, when checking S1 after trans- 
mission there are more possibilities. 


Just as before check to see if this device is 
still a master: 


MOV A,S1 Get status 
JB7 MSTR _ Still master so continue from 
MSTR. 


If this device is no longer the master, the 
reason is determined and a jump is made 
to the appropriate subroutine. Bit 3 will 
indicate that arbitration has been lost: 


JB3 MSTAL Master lost arbitration 


At MSTAL $1 is further examined to see if 
this device .was addressed as a slave; if 
not, the program returns to its main activ- 
ity ready to try for the bus again. 


JB2 ADDSL 
JMP CLEAR 


Addressed as slave 
CLEAR reads SO to 
clear the bus and 
PIN before 
returning to main 
program. 


It is possible for a losing master to recog- 
nize its own address, despite trying to 
transmit another, as before the address bit 
where arbitration is lost the transmitted 
bits are returned into the LSB of SO. Sub- 
sequent address bits on the bus follow into 
SO so the ‘winning’ address always appears 
complete. 


At ADDSL a further test of S1 will indicate 
whether, as a slave, this device is now a 
receiver or a transmitter. 


JBC SLVTR 


If the test fails, then this device must be a 
slave receiver and should behave just as 
any CLIPS peripheral described 
previously. 


Slave transmitter routine 


There is just the possibility that the general 
call address (all zeros) was used and this 
can be checked by examining bit 1 of $1. 
If true, then successive bytes will indicate 
to receivers what to do. This facility is 
available for controlling hardware masters 
in a multi-master configuration with a mix- 
ture of software controlled and hardware 
masters. 


Once all the checks seseibed above have 

ont configuration 
of the bus, one master and one slave, is 
clear and procedures continue as for a 
single master situation described pre-- 
viously. Figure 27 illustrates the decision 
tree for a master and Figure 28 for a slave, 
but not including general call. 


In some applications the 12@C bus may be 
subject to occasional interference, e.g., 
flash-over of a TV tube. The MAB8400 
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Slave routine 
entered 
(from Fig. 3) 


data byte 


apt bit 
counter 


Set pin bit to 1 
by a dummy read 
of SO 


8 bits? 
es 
Adapt bit 
counter 
Ad 


* = previous transfer as 
‘master transmitter’ 
has not been executed 


data byte 


8 bits? 
Adapt bit counter 
in $1 


No 


Adapt bit counter 
in $} 


Clear TRX bit 
set pin bit to 1 


Figure 28. Flow Chart of the ‘Slave’ Mode After Initialization. 


provides some resistance to interference 
by means of a digital filter on the SDA and 
SCL inputs. This prevents spikes less than 
about 1/2 microsecond getting through. 
However, the consequences of bus distur- 
bances should be considered and, when 
possible, recovery procedures included in 
the program. 


Disturbances can, of course, occur on 
either or both SCL and SDA, but as the 
effect is similar it will be assumed SCL is 
undisturbed and SDA is corrupted. 


If SDA should be high and is transiently 
forced low, the significance depends on 
the state of SCL. 


If SCL is low, then SDA being forced low is 
the same as losing arbitration. In a single 
master configuration it is therefore advisa- 
ble to check for this despite not having to 
compete for the bus. The master must 
then clear the bus and start again. 


if SCL is HIGH, then the HIGH to LOW 
transition of SDA is a repeated start condi- 
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tion and ‘new address’ will be on the bus. 
The normal S1 checks should reveal this 
and the master will create a STOP and try 
again. 


If SDA is properly LOW and forced HIGH 
when SCL is HIGH, then a STOP condi- 
tion has been created so the bus will be 
cleared. 


An effective way of handling these situa- 
tions is to check on the time that PIN = 0 
before it is reset. If excessively long then 
the bus should be cleared by a STOP. In 
really extreme cases, possible where the 
I2C bus is not most suitable, all masters 
could create a STOP and clear the bus at 
regular intervals. In such a case messages 
would be repeated and the data rate on the 
bus would be low; however it has been 
shown that this bus can be used effectively 
in hostile environments with recovery rou- 
tines operating. 


Two classes of multimaster applications 
will now be considered. At one extreme is 
the category where full use is made, at the 
outset, of the bus protocol for distribution 
of control amongst several microcon- 
trollers. These master-transmitter devices 
communicate with each other and with a 
set of shared peripherals. One such appli- 
cation which will be considered is a local 
area network (LAN) terminal. 


At the other extreme is the case where a 
new feature is added to an existing system 
which may not have been contemplated at 
the outset of the design and accordingly 
the new devices added to the bus may or 
may not communicate with devices 
already on the bus; two examples of this 
type of application will be considered first. 


One of the most powerful features of the 
12C-bus protocol is that it allows the addi- 
tion (or subtraction) of components to 
(from) the bus without the need for major 
redesign of the system: i.e., a clock or a 
display may or may not be present. Usu- 
ally, of course, all the relevant software will 
have been written in the master controller. 
It is perhaps natural to assume that all the 
required functions have been accommo- 
dated in the original design and the 
various production options merely require 
the inclusion or omission of the different 
peripheral types. 


Furthermore, it has probably been 
assumed that there is only one master 
controller and that, therefore, the bus is 
always available to it. In such a situation 
the bus-busy bit is probably not interro- 
gated in the original software and bus 
crashes could be anticipated if another 
master device is added to the bus. It is 
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therefore prudent, if possible, to check the 
availability of the bus, even in single- 
master applications, since this does allow 
increased flexibility should a new feature 
have to be added. 


Additional Controllers 

If as an afterthought it becomes necessary, 
for example, to display particular data 
which are available in a slave receiver such 
as a memory or I/O port, it is a straight- 
forward task, assuming that the relevant 
data locations are known, to write the 
appropriate software for a separate master 
controller and associated display driver. 


Care must be taken to ensure that the 
memory device pointers are returned to 
their initial addresses to ensure that the 
original microcontroller is unaware of the 
system additions. It is conceivable that in 
some situations the nature of the addition 
does require the modification of the data 
base, but, naturally, the interaction with 
the original controller is indirect and very 
limited in scope. 


A second application concerns the modifi- 
cation of a system function, for example, 
continuing the display theme, the case of 
changing from an LED to an LCD driver or 
or modifying the data displayed on the 
same display. In this application the com- 
mands and data from the original 
microcontroller are intercepted by replac- 
ing the original slave peripheral with a 
microcontroller having the same address. 
The data is added to, and/or manipulated 
by, the second controller and re- 
transmitted to a new peripheral or to the 
- same peripheral with a new externally pro- 
grammed address. Again the original 
controller is unaware of the system 
changes. 


These examples, while they may be very 
useful in accommodating real-life changes, 
are in fact pseudo-multi-master applica- 


tions and do not take into account the full: 


capabilities of the 1@C-bus. An example of 
a genuine multi-master application now 
follows: 


Local area networks (LANs) are designed 
to provide for efficient data communica- 
tions for a local environment such as a 
single building or office. Several standards 
have been proposed and, although it is 
outside the scope of the current article to 
provide any justification, it is possible to 
demonstrate that emphasis on efficient 
data transfer has led to proposals which 
are not especially suitable for applications 
in which efficient transfer of 64kbits/s dig- 
itized speech is as important as efficient 
data transfer. 
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Accordingly, with this and the develop- 
ment of integrated services digital 


networks (ISDN) in mind, a new integrated 


services terminal bus (IST-bus) suitable for 
the local transmission of digital voice, text, 
image and data on a single twisted-pair 
cable has been proposed. The bus may be 
used to provide a completely distributed 
switching system for up to 30 terminals. 


A generalized application of the IST bus is 
shown in Figure 29, and various types of 
terminal are depicted, each of which con- 
tains three parts: 


® amicrocontroller 

e anIST-bus interface circuit 

e a service module (voice, text, image, 
etc.) 


All three sub-systems are interconnected, 
for control purposes, by the |l2C-bus. 
(Incidentally the other bus shown is a ter- 
minal highway (THW) over which 64K 
bits/s circuit switched channels are trans- 
mitted to and from the IST-bus and the 


<350m 
twisted 
pair cable 


Sas maaaes 


Sch eae! 


a) a 


service modules). In the event that connec- 
tion to an external network is required an 
additional interface circuit, as shown in 
Figure 30, is required. Once again control 
data is transmitted via the |2C-bus. 


For the purpose of this article, the first 
significant point is that the use of the 
12C-bus for control purposes permits the 
construction of a complete range of sta- 
tions from a limited number of dedicated 
IC’s, together with the general purpose 
microcontrollers, RAMs, LCD drivers, etc., 
which have been described in previous 
sections (see Figure 31). 


Secondly, because the |?C-bus carries the 
control information necessary to establish 
an inter-terminal .connection on the IST- 
bus, and, in the case of a gateway station, 
the signaling and control data for another 
networks, a single master-microcontroller 
would be unable to cope. 


Furthermore, when using a multi-master 
approach, it is important to recognize that 
there is a limit to the amount of control 


Terminal 1 


Voice 


Telephone set 
Keyphone 


Control Intercom 


[text J] tere 


. Teletex 


Videotex 


Control Wordprocessing 


mage 
= Facsimile 


Slow scan TV 
Control 


Data terminals 
Personal computers 


Point-of-sales 
terminals 
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Remote contro] 


Remote meter 
reading 


Alarm 
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Figure 29. The IST Bus Concept. 
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information that can be handled by the 
serial bus. 


Dedicated gateway module 


Hsp] - } 


Extreme Case 


es Accordingly, in this example, which is 

Dedicated indeed an extreme case, the dedicated 

interface for: sub-master circuits poses a high degree of 

autonomy and intelligence. For example 

Analogue ABX the IST-bus interface circuit performs all 

Gateway station Analogue public the functions needed to establish a link 

Telephone network between terminals, including the retrans- 

Voice, text Existing telex netw. mission of control messages if necessary 

image ,data National data netw. (i.e., it performs all the relevant OS! layer 1 

Ne Local and wide and 2 functions). This allows the station 

LS.T. zc et] | area networks controller to contend with overall terminal 
Future ISDN control functions. 

This has attempted to show that a well 

specified serial data bus for Inter-IC (l2C) 


communication is capable of leading to a 
range of flexible but structured designs 
based upon a growing family of 8-bit 
Figure 30. Interfacing to External Network. microcontrollers, general purpose peri- 
pherals, and/or application dedicated 
circuits. Furthermore, the availability of a 
range of CMOS gate arrays with an I2C- 
interface permits customer-specific circuits 
to be designed as well. 


LCD 
display Reprinted from Electronic Engineering, January- 
April 1984. 


I.S.T. bus Ext. 


interface network 


[Jcenerat purpose IC's , 


rj} oa = 
[_Jeedicated IC's YOY, 


Terminal Handset Ring. /loudsp. 


Figure 31. Complete Range of Stations from a Limited Number of Dedicated IC’s. 
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If any one characteristic can be said to 
dominate currently available local-area 
networks, it is efficient data transfer. That 
is all well and good, except for integrated 
communications networks, where traffic 
consists mainly of digitized speech. In the 
foreseeable future, in fact, speech traffic 
will become increasingly important, so that 
communications networks will have to be 
as efficient in transferring digitized speech 
as in transferring data. 


In addition, a digital network for general- 
purpose communication must be able to 
transmit other types of information as well; 
interface easily with telephone sets and 
existing networks; use a low-cost trans- 
mission medium; and of course connect to 
almost all types of equipment commonly 
found in factories, offices and so on. 


All these requirements are met by the 
Integrated Services Terminal (IST) bus, 
which forms a low-cost local network for 
transmitting digitized speech, data, text, 
and facsimile copies. A serial bus, it con- 
forms to the seven-layer Open Systems 
Interconnection reference model of the 
ISO and uses twisted-pair cable to carry 
64-kbit channels synchronized to the 
8-kHz speech sampling frequency. 


The IST bus provides distributed switching 
and control and offers several major benef- 
its over current telephone, intercom, and 
small PBX systems. It can be interfaced 
with larger networks such as digital or 
analog PBX, public telephone, Telex, and 
data networks, and higher-performance 
(local and wide-area) networks. 


The first applications will be for small, 
internal communication systems that 
primarily handle speech. Here, subscribers 
require very few lines (often only one) to 
the public network, and the IST bus will 
form an economical and versatile com- 
munications medium. In addition, the bus’s 
data, text, and telemetry facilities will allow 
factories, offices, retailers — and even 
consumers — to connect telephone sets, 
personal computers, intercoms, word pro- 
cessors, and viewdata and point-of-sales 
terminals, as well as lighting, heating, and 
security equipment. 


Twisted-pair Cables 

The twisted-pair cable of the bus gives 
high speech and data transfer rates at low 
cost for the wire, installation, connectors 
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and coupling transformers. The transmis- 
sion speed is 1.024 Mbits/s, the maximum 
bus length 350 meters. Depending on the 
type of cable used, the characteristic 
impedance of the line can be between 100 
and 150 2. 


Each station is connected to the bus by an 
interface circuit and has a microcontroller, 
called the station controller (Figure 1.). The 
only other circuits needed are those which 
provide the services at each station. 


As many as 30 stations may be connected 
either in a cluster or spread along the 
cable, and a dc power supply can be con- 
nected directly to the bus to provide up to 
about 0.5 W to each station. A small tran- 
sistor splits the dc supply and the digital 
bus signals. Alternate mark inversion (AMI) 
line code, which reverses the polarity of 
each successive 1 to ensure no dc com- 
ponent, prevents the coupling transformer 
from distorting the signals. 


Both circuit-switched and packet-switched 
data can be transmitted across the bus. In 
a circuit-switched channel, a connection 
between the calling and called stations is 
established for exclusive use of the circuit 
until the connection is released (as for a 
telephone call), whereas in a packet- 
switched channel the connection between 
stations exists only while each individual 


packet is being transmitted. 


The data on the IST bus is time- 
multiplexed into frames that are 
synchronized to the standard 8-kHz 
speech sampling frequency, making for 
easy and inexpensive connection to public 
and private digital networks. Each frame is 
125 ys long and is divided into 10 chan- 
nels, one for 8-kHz frame synchronization; 
one 64-kbit/s half-duplex channel for con- 
trol, signaling, and packet-switched data; 
and eight 64-kbit/s half-duplex channels 
(or four simultaneous duplex) for speech 
and circuit-switched data. In one frame, 
each occupied channel begins with a 1 
(the start bit), followed by a single word 
comprising four bits for the frame syn- 
chronization channel and eight bits for 
each of the other channels. 


The 32-kbit/s frame synchronization chan- 
nel (f) carries a four-bit frame word (0011), 
which is transmitted by one of the stations 
on the bus every 125 us to synchronize all 
stations to the 8-kHz speech sampling fre- 
quency. During power-on, a synchroniza- 
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tion procedure selects the station that will 
transmit the frame word. Each station has 
a unique five-bit address, and each begins 
to count up from that address; the first to 
reach 00000 takes over as the master sta- 
tion (that is, begins to transmit the frame 
word). If this station later fails or is 
removed from the bus for any reason, 
another station will take over as master. 


If any station needs to make an external 
call, the bus must be synchronized to the 
PBX or public network. Stations with links 
to exchanges have higher addresses (a 
sixth address bit is hard-wired on the sta- 
tion) and consequently take priority in 
becoming masters over other stations. 


Besides overall synchronization, the syn- 
chronization procedure also ensures that 
there is no corruption of the data when 
equipment is plugged onto the bus, 
because a station can only begin to trans- 
mit data once it has been synchronized. 


The Circuit-Switched Channels 
The eight 64-kbit/s channels that carry dig- 
itized speech and circuit-switched data to 
and from the stations are designated b1-be. 
Stations take control of vacant circuit- 
switched channels as needed. Two halves 
of a duplex phone call between two sta- 
tions may, for example, be carried on 
channels b3 and bg, while those for a call 
between two other stations may be located 
on channels b4 and be. Routing for the 
calls is performed by the relevant station 
controller using the station’s IST bus inter- 
face circuit. 


The packet-switched channel (bd) has 
three main uses: to arbitrate between sta- 
tions wishing to make a connection to the 
circuit-switched channels, to set up the 
physical links that will transfer the circuit- 
and packet-switched data between 
stations, and to transfer packet-switched 
data and telemetry information between 
stations. It uses a protocol similar to the 
ISO’s High-level Data Link control. 


The channel’s access method keeps 
retransmissions and access delays to a 
minimum for efficient packet transport. It is 
based on CSMA/CD (carrier-sense multi- 
ple access with collision detection), which 
allows network control to be fully distrib- 
uted. CSMA/CD uses the principle “listen 
before and during transmission” to access 
the bus. All stations monitor the signals on 
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The Rules for Control and Message Packets 


The IST bus uses a protocol for its packet- 
switched channel that closely resembles 
HDLC (High-level Data Link Control). One 
important difference is that each byte of 
data transferred over an IST bus channel is 
preceded by a 1 (the start bit), as long as 
information is transferred in a channel, 
whereas HDLC uses flag bytes to indicate 
the start and end of a data packet. Another 
is that the first bit of the first byte indicates 
whether the message. being transferred 
consists of information (1) or control (C) 
characters (see the figure). 


Control characters are transmitted by a 
station in the form of a seven-bit frame 
control message (FCM), the main uses of 
which are to arbitrate between stations 
wishing to make a connection to the eight 
circuit-switched channels and to set up the 
physical link (layer 1 of the ISO’s seven- 
layer reference model) between the 
stations. 


Before connecting to one of the circuit- 
switched channels, a station must first take 
control of the packet-switched channel by 
transmitting a frame control message (to 
prevent circuit-switched messages from 
colliding). Once a station has transmitted 
this message, it occupies over one or two 
vacant circuit-switched channels, 
depending on wheter the connection is 
half-or full-duplex. 


A station will also place a frame control 
message on the bus when it wishes to 
make an external call. The master station 
decodes this message, “wakes up” the link 


Control 
packet 


Message 
packet 


= “control” bit 

= 7-bit frame control mes- 
sage 

= signaling or data bit 
data being transmitted 

= empty byte 


to the exchange, and synchronizes the IST 
bus to it. Once the transmitting station has 
finished the call, it sends another frame 
control message to the master, which dis- 
connects from the exchange. 


If the first bit of the first byte indicates an 
information message, the following five 
bits form a destination address and the last 
two bits are unused. The second byte 
contains a message service indicator for 
the controller of the receiving station, of 
which the first bit specifies whether a 
signaling or data message follows; the 
remaining seven bits indicate further 
message type identifications, for example, 
call setup messages or response 
messages. On this byte, the controller can 
also decide to take the message or route it 
to another 12C bus member. 


The subsequent data bytes carry the 
actual information in the message being 
transmitted (signaling information, dis- 
play information, packet data, and so 
on). The number of data bytes in a mes- 
sage is limited only by the buffer space 
in the stations’ IST bus interface circuit. 


For signaling messages, the data bytes 
give the information used to establish 
and cancel circuit-switched connec- 
tions. A telephone call or circuit- 
switched data transmission on the 
Circuit-switched channels is therefore 
preceded by one or more signaling 
messages on the packet-switched chan- 
nel to establish the connection; after the 
call or transmisison is finished, signaling 


c.FoM ewer | NACK 
|, DEA |s/d, MSI 


DATA 


messages are sent to release the 
connection. 


All packet-switched data and telemetry 


transfers between stations use data mes- 
sages. Such messages would establish a 
packet-switched connection between ter- 
minals, serve as a “wake-up call,” or signal 
the start or end of a packet transport. The 
data bytes in this message would consist, 
for example, of packets between Telex 
terminals, between V.24 (RS-232) or X.25 
stations (personal computers or word pro- 
cessors), between remote control 
equipment, or between telemetry 
equipment. 


After each control of information packet, 
two CRC (cyclic-redundancy-check) bytes 
are transmitted for error detection. The 
end of a transmission is indicated by an 
“empty” byte, which is simply the absence 
of start and information bits. After this 
byte, any station that was unable to 
receive the message can transmit a “not 
acknowledged” (NACK) byte (11111111). It 
will do so if an error was detected, if the 
station’s buffer was full, or if there was a 
collision between two or more transmis- 
sions that destroyed the information. The 
negative acknowledgment allows broad- 
cast calls to be made (one station 
transmitting to all others, using the desti- 
nation address 00000). 


If a not-acknowledge signal is detected, 
the IST bus interface circuit retransmits 
the message, relieving the terminal from 
the software burden of retransmissions. 


information bit 
5-bit destination address 


7-bit message service 


byte 


indicator 
= cyclic-redundancy-check 


= not acknowledged byte 
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the bus, and any unit can begin transmis- 
sion as soon as the bus is free (CSMA). If 
two or more units begin to transmit simul- 
taneously, they detect that fact (CD) and 
retire from the bus. 


During message transmission, signaling 
and frame control messages have a higher 
priority than data messages. If, for exam- 
‘ple, two signaling messages and three data 
messages were to try to simultaneously 
access the bus (an improbably high 
number, even with 30 stations), the signal- 
ing messages would be transmitted first, 
followed by the data messages. 


Message errors and collisions are resolved 
by an access protocol that prevents con- 
tinued collisions from occurring. This 
protocol — unlike that of Ethernet and 
many other CSMA/CD networks — guar- 
antees that a station will gain access within 
a certain time; if the message suffers three 
successive retransmissions (because the 
destination station was unable to receive 
the message), the bus interface warns the 
station controller, which takes the approp- 
riate action. 


Access delay to the packet-switched 
channel is low — less than 250 us — if the 
channel is idle. If the channel is occcupied 
and no collision occurs, the worst-case 
access delay is the maximum packet 
length of the station currently occupying 
the bus plus 2 ms. 


Gateways can connect the bus to analog 
and. digital PBXs, public Telex and data 
networks, and other local networks. The 
interface is particularly easy to implement 
if the larger network is an integrated servi- 
ces digital network (ISDN), because the 
bus has been designed with such networks 
in mind. Furthermore, the bus can be con- 
nected to a PBX to particular advantage. 


The traditional star configuration of a PBX 
is reliable but rather costly (each station 
requires an interface and twisted-pair 
cable to the exchange). In addition, it can- 
not be extended easily. Large bus systems, 
on the other hand, are easy to extend and, 
because of today’s VLSI technology, can 
use low-cost interfaces. A bus network, 
however, is very sensitive to bus failures, 
which can moreover be difficult to locate. 


An Island Cabin 

Small, local IST buses connected to a PBX 
give the advantages of both bus and star 
networks with none of the attendant disad- 
vantages. The IST bus can simply be 
connected in place of an existing PBX tel- 
ephone set; the resulting network has the 
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Figure 1. The IST bus serves speech and data transfer, carries up to 30 
stations and can easily be interfaced to larger networks. The twisted-pair 
cable can supply dc power to the stations on the bus. 
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Figure 2. In this modular setup for telephones and data terminals, the 

interfaces between the various ICs are standardized by means of the 12C bus 
and the terminal highway. The lower part services the network interface, the 
upper part the speech and data services. 
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reliability of a PBX and is also inexpensive 
to implement (much of the existing PBX 
wiring can be used). 


The networks connected by the bus func- 
tion as speech and data “islands” passing 
information between telephone sets, data 
terminals, building energy-control equip- 
ment (lighting, heating, and ventilation), 
and security equipment. This island con- 


figuration is very flexible and can be easily - 


extended. 


A station connected to one node of the 
bus can range from a single digital tele- 
phone up to a computer with peripherals. 
In addition, the station can incorporate 
network interfaces to connect to other 
computers, local networks, and the 
exchange. The modular architecture (Fig- 
ure 2) will allow a complete range of 
stations to be built up from a few dedi- 


cated ICs, together with general-purpose | 


microcomputers, RAMs, LCD drivers, and 
so on. 


The two major interfaces in this architec- 
ture are the inter-IC (l2C) bus and the 
Terminal Highway (THW). Together, they 
guarantee a well-structured station archi- 
tecture with easy, smooth expansion from 
simple systems up to intelligent data ter- 
minals with integral speech services. 


The I2C bus is a two-wire multiple-master 
bus for transferring data and control 
information between integrated circuits 
(Electronic Design, March 31, 1981, 
p. 69A). Its maximum specified transfer 
speed is 100 kbit/s (for synchronization 
reasons, the maximum transfer rate for 
interfacing with the 8-kHz synchronous 
IST bus is 64 kbit/s). The multimaster fea- 
ture of this bus makes distributed system 
control possible and is therefore very 
powerful for use in ISDN telephone sets 
and ISDN interfaces for personal compu- 
ters and data terminals. The bus carriers 
the information transfer to be received or 
transmitted across the packet-switched 
channel. This information includes signal- 
ing, telemetry, and packet-switched data, 
as well as control information between the 
station controller (which has an on-chip 
12C bus interface) and other ICs in the sta- 
tion. In a gateway station, the information 
is similar. 


The Terminal Highway is a standard 
2.048-Mbit/s 32-channel PCM highway 
that is compatible with those used in dig- 
ital telephone switching equipment. In an 
IST bus station, it provides connections 
between the various circuits in the station, 
such as the station controller; the IST bus 
interface circuit; and the ICs in the speech, 
text, image, and/or data interface modules 


and network interface(s). Access to the 
THW is assigned via the l@C bus by the 
station controller, which switches the 
64-kbit/s channels of the various circuits to 
the required THW channels. 


The IST bus interface circuit performs all 


‘functions needed to establish a link 


between stations and to transfer informa- 
tion and control messages over the 
packet-switched channel between two or 
more stations, including retransmissions. It 
therefore relieves the station controller 
from OSI layer 1 and 2 functions. The cir- 
cuit is controlled, and data entered, via the 
12C bus, which can function as an inter- 
face medium to layer 3. This layer is 
actually located in the software of the sta- 
tion controller, or it.can be part of the 
service modules. 


A station will be connected to the bus 
using this IC and a small coupling trans- 
former (Figure 3). The transformer provides 
a convenient means of supplying dc to the 
stations and also affords a high resistance 
to induced common-mode signals, impor- 
tant in industrial environments. Some 
additional components are required when 
the station is supplied dc via the bus — for 
example, a polarity guard bridge to pre- 
vent incorrect installation and a dc-dc 
converter to convert the varying dc bus 
voltage (approximately 20 to 50 V) to a sta- 
ble 5-V station supply. 


To reduce the implementation costs of an 


8-MHz crystal [-—) i 


Timing 
4/8 MHz circuitry 
ESC 


Reset 


Terminal 
supply 


Dc-dc 
conversion 
controller 


Dc-dc 
converter 


IST bus 
interface 


IST bus system, the interface circuit will be 
integrated onto a single chip. (Samples are 
planned for mid-1985). It will incorporate a 
dedicated microcontroller, a 256-by-8-bit 
RAM, and a PLA (programmable logic 
array). On-chip layer 1 circuitry will inter- 
face the IST bus with the THW and the I2C 
bus and layer 2 functions will be imple- 
mented in the control section’s PLA. 


To keep system costs low, the interface 
chip will integrate several additional cir- 
cuits. These include a 8.192-MHz 
crystal-controlled oscillator, a choice of a 
4.096- or 8.192-MHz clock output (to pro- 
vide the clock for other station ICs), a 
2.048-MHz Terminal Highway synchroniza- 
tion output, and the control section of the 
station’s dc-dc converter. For synchroniza- 
tion with other digital networks, the IC will 
also have an 8-kHz external synchroniza- 
tion input. 


The timing section of the interface chip 
will also take care of any cable delays. 
Once a station gains access to the packet- 
switched circuit-switched channels and 
begins transmitting, the receiving station 
must be synchronized to it. Although each 
station is synchronized to the 8-kHz frame 
word at the beginning of each frame, there 
will be a cable delay between transmitting 
and receiving stations. The bus interface 
IC therefore allows for a 4-ys reception 
window, which accounts for the maximum 
cable length (5 ns/m x 2[400 m]); as soon 
as it receives the start bit, the chip syn- 


Controller 
(dedicated microcomputer chip) 


Internal} data bus 


1?7C bus 
interface 


THW 
interface 


IC bus 
(100 kbits/s) 


Terminal 
Highway 
(2 MHz} 


Figure 3. In the one-chip !ST bus interface, layer 1 functions — such as for 
the I2C bus, THW, and IST bus — are performed by dedicated hardware. 
Layer 2 funtions are programmed into the memory of the special on-chip 
microcontroller. The chip includes a 256-by-8-bit RAM for message storage 


and housekeeping. 
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chronizes to it to permit reception of the . 
attendant byte. 


A 1-Mbyte/s data bus in the IC will con- 
nect the layer 1 circuitry to the chip’s 
controller. Packet-switched data and con- 
trol signals will be routed via this bus to 
the various sections of the circuit. 


Thirty-two RAM locations will be used for 
internal housekeeping, the remainder pro- 
viding four bd channel buffers. The size of 
each of these buffers will be program- 
mable by messages across the I2C bus 
interface during system initialization. Two 
buffers are used to transmit and receive 
the signaling messages to and from the bd 
channel, and two to transmit and receive 
data packets. 


The station controller can route informa- 
tion into two additional header buffers, 
allowing the interface chip to route incom- 
ing signaling or data messages to other 
ICs in the station independently of the sta- 
tion controller. 


Putting It All Together 

The IST bus interface circuit simplifies the 
designer's job of connecting the terminals 
of an internal communications system to 
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an integrated services digital network. As 
stated earlier, it takes care of all layer 1 
and 2 protocols, and the designer needs to 
know only the protocol used on the I2C 
bus, which serves as an interface between 
layers 2 and 3. The network controller, 
which can be one or more standard 
microprocessors, will incorporate the soft- 
ware for layer 3 and higher layers. 


The microprocessor adds the routing 
addresses to calls and routes incoming 
signaling messages and data packets to 
other terminal circuits such as the termi- 


nal’s display, the data modules, or in case - 


of a gateway, to the interface circuit of 
another network. 


The terminal controller's software modules 
include call setup and breakdown routines 
and initialization routines that cause the 
terminal circuits to initialize at power-on. 


The initialization procedure for the IST bus 
interface circuit will be performed mostly 
by the chip itself; it resets all internal regis- 
ters and RAM locations after power-on. 
During this process, which takes about 4 
ms, the Reset output is kept high. If this 
output is connected to the Reset input of 
the terminal controller, the program coun- 
ter of the controller will be kept at zero. 


After the reset process is finished, the ter- 
minal controller starts the initialization 
program to load the IST bus address of the 
terminal; set the sizes of the on-chip sig- . 
naling, message, data-packet transmission 
or reception and routing header buffers; 
and initialize the IST bus. The IC then 
does the rest automatically. If another ter- 
minal begins to transmit the frame word, 
the chip will lock its synchronization cir- 
cuitry to the IST bus; otherwise it will itself 
start to transmit the frame word and then 
become available to set up connections on 

the bus. 


The use of an interface circuit implement- 
ing layers 1 and 2 makes terminal design 
more of a software than a hardware job. 
Like the terminal architecture around the 
I2C bus and the THW and the architecture 
of the IST bus interface IC, the software of 
the network or terminal controller will be 
modular. When the software modules 
become available for standardized call 
setup procedures and routing routines, life 
will be even easier for the terminal 
designer. 
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To remain competitive, manufacturers of domestic radios 
must not only produce a comprehensive range of reliable 
equipment with the required performance at the right price, 
but must also meet the needs of the market with regard to 
styling, ease of operation and available functions. Although 
the widespread use of integrated circuits has allowed vast 
improvements of performance and reliability and has in- 
creased the range of available facilities, the integrated circuits 
are not always optimally matched, resulting in partial 
redundancy and a large number of peripheral components. 
We foresaw this problem and were able to avoid it by using 
a total systems approach to manufacture our comprehensive 
range of ideally matched integrated circuits for signal pro- 
cessing and digital control of tuning, displays and analogue 
functions in all classes of radio. We can now therefore devote 
our design resources and considerable knowledge of inte- 
gration technologies and techniques to reducing radio 
manufacturers’ development and assembly costs by mini- 
mising the number of integrated circuits needed to imple- 
ment the wide range of features and facilities required in 
today’s radios. 

If a radio must incorporate facilities such as search 
tuning and/or tuning by direct entry of frequency at a key- 
board, variable-capacitance diode tuning must be used and 
a stable local-oscilldtor signal can be generated by indirect 
frequency synthesis with a phase-locked loop (PLL) con- 
trolled by a microcomputer. This system was fully described 
in Ref.1 which showed how integrated circuits SAA1059 
(h.f. prescaler), SAA1056 (PLL frequency synthesiser) and 
an op-amp integrator (PLL loop filter and amplifier) were 
used in our radio tuning system (RTS). We have now used 
bipolar technology to combine analogue circuits with several 
types of logic (IL, ECL and miniwatt) so that all the 


9-65 


Application Note 


AN196 


functions previously performed by three integrated circuits 
can be performed by a single 18-pin LSI integrated circuit 
called synthesiser module SAA1057. The component 
economy afforded by the SAA1057 is amply illustrated 
by Fig.1 which shows that tuning synthesiser functions 
which previously required the use of three integrated 
circuits and a large number of peripheral components 
can now be performed by the SAA1057 and only 16 
peripheral components. 

The SAA1057 is not only economical with regard to the 
required number of components. It also consumes very little 
current (<20 mA) and is able to meet the varied performance 
requirements of all classes of radio from battery-powerd 
portables to mains-powered hi-fi tuners. For example, a 
novel twin phase detector system in the PLL achieves the 
fast tuning often required for car radios and also ensures 
that, when the PLL is locked, the VCO signal has high 
spectral purity to ensure low distortion in hi-fi tuners. The 
wide frequency range (a.m. 512 kHz to 32 MHz, f.m. 70 MHz 
to 120 MHz) and high maximum tuning voltage (30 V) make 
the SAA1057 suitable for multi-waveband mains sets. The 
low current consumption combined with the wide supply 
voltage range (3.6 V to 12 V) due to internal stabilisation 
allow it to be used in battery-powered portables. 

In addition to the basic function of tuning by direct 
entry of frequency, the SAA1057 can also provide the 
following software-controlled facilities: 


— search tuning with muted interstation noise 
— continuous up/down step tuning (manual tuning) 


— accurate storage and automatic tuning to preset fre- 
quencies 
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SAA1056 


(a) 


3,6V to 12V 


7289707 
(b) 


Fig.1 Basic radio tuning synthesisers. Circuit (a) uses three integrated circuits and 
36 peripheral components. Circuit (b) performs the same functions using synthesiser 
module SAA1057 and 16 peripheral components 
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Fig. 2 Integrated circuits for tuning systems using SAA1057. 
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— loading of frequency data in synchronism with the 
sampling frequency to prevent disturbance of the tuning 
lock 


— feed out of a number of internal signals for alignment 
purposes 


— adjustment of PLL current gain over 40 dB range (0.023 
to 2.3) to eliminate switching of external loop filter 
components during waveband selection. 


As the word ‘module’ in the name of the SAA1057 in- 
dicates, this new IC is part of a modular, data-bus compat- 
ible, digitally-controlled tuning system in accordance with 
the systems design philosophy followed for other circuits in 
our range of ICs for digital systems in radios. The modular 
approach minimises radiation and reduces wiring and 
screening costs because: 


— all the sensitive signal processing circuits for the tuning 
systems are now in the SAA1057 which can be mounted 
in the ideal position close to the tuner 


— internal h.f. dividers eliminate the need for an external 
prescaler 


— two sensitive, internally switched VCO inputs to the 
SAA1057 allow direct connection of the f.m. and a.m. 
local-oscillator signals without additional impedance 
matching, amplification or switching 


— the crystal-controlled reference oscillator for the PLL 
operates at the same frequency for the a.m. and f.m. 
waveband and causes little radiation because it generates 
a low-level sinewave 


— the separate microcomputer and memory can be mounted 
close to the keyboard and their capacity can be tailored 
to meet the demands of specific radios 


— the frequency display driver can be mounted close to its 
display. 


As shown in Fig.2, the data-bus compatibility of tuning 
systems using the SAA1057 also allows the simple addition 
of circuits as required for waveband-switching and for 
driving LED, LCD or fluorescent displays of preset station 
number, waveband and channel number. Other facilities 
which can be simply and economically accommodated are 
analogue signal control, extra display functions, and remote 
control via an infrared data link. 


OPERATING PRINCIPLES OF FREQUENCY 
SYNTHESIS 


A basic digitally-controlled PLL for radio tuning is shown 
in Fig.3. The output from the voltage-controlled local- 
oscillator in the radio is converted into a pulse train, and 
frequency divided by a programmable divider, before being 
applied to one of the inputs of the phase detector. The 
output from the crystal-controlled reference oscillator is 
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converted into a pulse train, and frequency divided by one 
of two ratios, before being applied to the other input of the 
phase detector. The phase detector output, which is propor- 
tional to the relative phase (and therefore the frequency) of 
the two input signals, is passed through the low-pass loop 
filter to remove the high-frequency components and fed 
back to the VCO as the tuning control voltage. The loop is 
locked, and the radio correctly tuned, when foo.=Nfre¢ 
where N is the programmable division ratio determined by 
selecting the frequency of the required broadcast. 
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Fig.3 A basic digitally-controlled PLL for radio tuning 


BRIEF DESCRIPTION OF THE FUNCTIONS OF 
THE SAA1057 (Fig.4) 


Local-oscillator inputs 


The local-oscillator signals from the radio are applied to 
inputs FFM for f.m. and FAM for a.m. Since these inputs 
have a sensitivity of 30mV to 500 mV (a.m.) and 10 mV to 
500 mV (f.m.), the local-oscillator signals can be directly 
applied without preamplification or buffering. A separate 
pin (DCA) allows the bias circuitry of the internal input 
amplifiers to be decoupled by an external capacitor. The 
input frequency range is 512 kHz to 32 MHz for a.m. and 
70 MHz to 120MHz for f.m., the f.m. signals being passed 
through an internal divide-by-ten h.f. prescaler which is 
switched off by software to minimise current consumption 
whilst tuning the a.m. band. Since the a.m. and f.m. local- 
oscillator signals are automatically selected by software, 
they need not be externally switched during waveband 
selection. 
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Fig.4 Block diagram of the SAA1057 


Programmable divider 


This 15-bit frequency divider, which is designed in a special 
manner to minimise current consumption, is programmed 
with a binary-coded divisor (N) to synthesise the required fre- 
quency for the voltage-controlled local-oscillator in the radio. 
The local-oscillator frequency (f5¢.,) is usually the i.f. above 
the tuned frequency. The dividing number is (32fo..)/fref 
for a.m. and (3.2f..)/freg for f.m., where fre¢ is the output 
frequency from the reference frequency divider (40 kHz or 
32 kHz). The minimum divisor is 512 and the maximum 
divisor is 32 767. The frequency-divided local-oscillator 
signal is applied as one of the inputs to a dual phase detector 
system. 


Reference frequency oscillator 


This stable, temperature-compensated oscillator is con- 
trolled by an inexpensive 4MHz crystal (series resistance 
<150Q) connected in series with a capacitor between pin 
17 of the SAA1057 and the common return line. The 
reference frequency may alternatively be derived from a 
stable external source. In this case, a 4MHz squarewave of 
5 V peak to peak may be connected to pin 17 via a series- 
connected 10nF capacitor and 22 kQ resistors. 
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Reference frequency divider 


This circuit divides the frequency of the signal from the 
reference oscillator by 125 or 100 to obtain a reference fre- 
quency of 32kHz or 40 kHz for the dual phase detector 
system under the control of software. If the selected 
reference frequency is 32 kHz, the minimum tuning step is 
1 kHz on a.m. and, due to the divide-by-ten h.f. divider, 
10kHz on f.m. If the selected reference frequency is 40 kHz, 
the minimum tuning steps for a.m. and f.m. aré 1.25 kHz 
and 12.5 kHz respectively. If larger tuning steps are required, 
integer multiples of these tuning steps can be selected by 
software. 


Phase detector system 


To simplify the design of the PLL loop filter, the SAA1057 
incorporates a novel dual phase detector system that uses 
the same reference frequency for a.m. and f.m. One of the 
phase detectors is a high speed digital memory (flip-flop) 
type, the other is a high gain analogue memory (sample and 
hold) type. The digital phase detector operates at the 
reference frequency, generates about 100 times as much 
tuning current as the analogue phase detector and provides 
high speed tuning over a wide frequency range. The analogue 
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phase detector operates at 1/32 of the reference frequency, 
has no region of uncertainty in its transfer characteristic and 
provides increased spectral purity of the local-oscillator 
signal when the PLL is locked. The ‘hold’ voltage from the 
analogue phase detector is converted into a d.c. current and 
summed with the output pulses from the digital phase 
detector to provide a current proportional to tuning error. 
This current drives a gain-programmable amplifier to 
generate the tuning voltage output. 

The analogue phase detector is always operating, but the 
digital phase detector can be switched on/off by setting/ 
resetting the in-lock detector with features/test bits in the 
software (e.g. to minimise noise during step tuning). If the 
software does not include any features/test bits, the digital 
phase detector is automatically switched on if the tuning 
error exceeds the phase range of the analogue phase detec- 
tor. This could occur, for example, as the result of exe- 
cuting a large frequency change. When the in-lock detector 
determines that the tuning error has been reduced to within 
the operating range of the analogue phase detector for three 
consecutive sampling periods, the digital phase detector is 
automatically switched off again. 


Gain-programmable current amplifier 


The sum of the output currents from the two phase detectors 
drives a gain-programmable bidirectional current source 
which replaces the normally-used resistor between the 
charge pump and loop amplifier of a PLL. This allows the 
loop gain of the PLL to be software programmed over a 
40 dB range within the limits 0.023 to 2.3, thereby elimi- 
nating the need to switch loop filter components during 
waveband selection. 


Loop amplifier 


The loop amplifier is capable of providing a tuning voltage 
output of up to 30 V and only requires a series-connected 
RC network between its input and output to form an active 
low-pass loop filter. The supply voltage for the loop ampli- 
fier (Vcc3) need not be stabilised but it should be ade- 
quately filtered. 


Reception of frequency and control data 


Data for the SAA1057 consists of serially-transmitted 17-bit 
frequency setting and control words from a microcomputer. 
Both types of word incorporate a zero start bit which is 
tested to identify a correct transmission. Each word also 
contains a latch selection bit which is O for a frequency 
setting word and 1 for a control word. The incoming data is 
transmitted via an asynchronous data highway with separate 
data (DATA), clock (CLB) and enable (DLEN) lines. The 
logic levels on the lines are TTL compatible and are in- 
dependent of supply voltage. 

Sixteen bits of each incoming data word are loaded into 
a shift register. The bus, load and control logic then checks 
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that the transmission is valid by checking that the first bit 
is zero and that the word length is correct during the HIGH 


_period of the DLEN line. If valid, the data word is then 


transferred to the appropriate latch by the next pulse on 
the clock line. 

A frequency-setting word includes fifteen bits which 
define the required frequency expressed as a 15-bit binary- 
coded divisor (512 to 32 767) for the programmable divider. 

A control word includes fifteen bits for the following 
purposes: 


— one bit (FM) to control the switch to select the required 
input from the a.m. or f.m. local-oscillator. If the a.m. 
input is selected, the divide-by-ten prescaler is switched 
off to conserve power 


— one bit (REF H) to program the divisor for the reference 
frequency divider 


— four bits (CPO to CP3) to set the gain of the gain-pro- 
grammable current amplifier 


— one bit (SB2) to determine whether the remaining eight 
features/test bits should be used or not 


— one feature bit (SLA) which determines whether fre- 
quency setting data is loaded into the programmable 
divider immediately after reception (asynchronous 
loading) or synchronised with the sampling frequency 
(synchronous loading). Synchronous loading is for 
minimising noise during manual tuning without muting 


— two features bits (PDMO and PDM1) which set the 
operating mode of the digital phase detector as pre- 
viously described 


— one feature bit (BRM) which sets the bus receiver into 
an automatic mode so that it is switched off to conserve 
power after a data transmission 


— four test bits (TO to T3) which can route the reference 
signal, the output from the programmable divider or the 
output level from the in-lock detector to the TEST pin 
for alignment purposes. 


TECHNIQUES USED TO OBTAIN THE HIGH 
PERFORMANCE OF THE SAA1057 


Many new circuit techniques have been used in the SAA1057 
to achieve the high performance, application flexibility and 
low power consumption. A description of the techniques 
listed here is beyond the scope of this article but further in- 
formation can be found in the references: 


— travelling-wave dividers in the divide-by-ten prescaler 
ensure low current consumption and high sensitivity for 
the r.f. inputs 
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— a tail-end divider is used to increase the speed of the 


digital phase detecto1 


— a rate-select technique in the programmable divider 
minimises phase jump in the digital phase detector 


— current consumption is minimised by using stacked logic 


— use of a bandgap current reference ensures that the 


current consumption remains constant over a wide range 


for the three different types of digital circuits (I7L, ECL 


and miniwatt). In this way, many of the logic circuits act 
as current sources for other logic circuits 
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Fig.5 Ana.m./f.m. frequency synthesiser using the SAA1057 
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of supply voltage and operating temperature 


— the op-amps at the r.f. inputs have an input bias current 
of less than 10 nA and also have a very high slew rate 


— the tuning voltage is derived from a 30 V op-amp with a 
low bias current and a high slew rate. 
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BASIC APPLICATION OF THE SAA1057 | 


Figure 5 is the circuit diagram of a complete frequency synthesiser using the SAA1057. The functions and values for each 
component in the diagram are as follows: 


PERFORMANCE OF THE CIRCUIT FOR F.M. 
ref, function value 


87.5 (88) to 108 MHz 
10 kHz or 12.5 kHz 


tuning range 


R 1 defines the current in the analogue phase detector 1802 tuning steps 


R2 loop filter resistor (value depends on VCO) 18 k2 intermediate frequency 10.7 MHz (variable in steps 
R3_ low-pass filter resistor (value depends on VCO) 100 Q min. of 10 kHz or 12.5 kHz) 
10 kQ typ. tuning voltage of the VCO 4to28 V 
R4 matching resistor for 75 2 f.m. input 1802 VCO gain 0.3 to 3 MHz/V 
C, sample capacitor (low leakage type) 2.2 nF typ. ref. frequency 32 kHz 
C> hold capacitor (low leakage type) 10 nF typ. prog. divider ratios 9820 (9870) to 11870 
C3 decoupling of internal reference voltage 47 uF time to tune across band <400 ms 
C4 loop filter capacitor (value depends on VCO) 330 nF typ. gain current amplifier 0.3 
C5 low-pass filter capacitor, normally located in the boop filter time constant ims 
tuner (value depends on loop frequency) 100 nF typ. r.m.s. ripple on tuning voltage 
C6 power supply filtering ) 100 nF’ noise (20 Hz to 20 kHz) Suv 
C7 d.c. blocking 1 nF ioe See 
Cg power supply filtering 100 pF 
Cg decoupling of r.f. input stages 10 nF 
C10 d.c. blocking li nF 
C11 series capacitor for crystal | 
(value depends on crystal) 33 pF 
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INTRODUCTION 

Early digital tuning systems for AM/FM 
radio receivers were constructed from 
ICs out of standard logic families (ECL, 
TTL etc.). 


Later, first dedicated ICs for PLL fre- 
quency synthesizers have appeared on 
the market, but there were still several 
packages required for the complete tun- 
ing system. The partitioning of functions 
depends on the semiconductor technol- 
ogies used. The tuning part of a digital 
tuning system typically requires three 
packages: a prescaler in ECL or 
Schottky TTL (speed), a programmable 
divider and other digital functions in 
either LOCMOS, NMOS or [@L (packing 
density, current consumption) and a loop 
amplifier with FET inputs (low bias cur- 
rent) and a bipolar output stage (current, 
slew rate). 


Now, more sophisticated ICs for digital 
tuning of radio receivers are showing. 
The SAA 1057, being described in this 
report, belongs to this new generation of 
radio PLL frequency synthesizers. It 
comprises all of the functions of a digital 
PLL frequency synthesizer and all active 
components from the inputs for the local 
oscillators to the output for the varactor 
tuning voltage on one monolithic chip, 
requiring only a minimum of external 
passive components. 


SYSTEM DESCRIPTION 

A functional block diagram of the SAA 
1057 is shown in Figure 1. This system is 
designed to handle both AM and FM 
local oscillator frequencies in a micro- 
computer-controlled radio receiver. At- 
tention has been paid to the power 
consumption of the IC in order to permit 
its use in portable as well as in mains 
operated radios. 


An important property of the SAA 1057 
is its very low radiation. This is due to the 
compact one-chip design which does 
not require an external prescaler and its 


control line and due to the crystal con- 
trolled reference oscillator which oper- 
ates with a low sine-wave voltage swing. 


R.F. Inputs 

Separate inputs are provided for the AM 
and FM local oscillators. Amplifiers at 
the inputs offer high sensitivity for easy 
interfacing to the radio's VCOs. No ex- 
ternal buffers are required. A built-in 
divide-by-10 prescaler for FM permits a 
maximum input frequency of 120MHz 
while the AM input can directly handle 
up to 32MHz. 


An input multiplexer permits both oscilla- 
tors to be operating at the same time, 
thus saving cost for switching the oscil- 
lators in the radio. On AM, the prescaler 
is switched off in order to reduce the 
current drain of the chip. 


There is one pin, DCA, for the decoupling 
of the input amplifiers’ bias circuitry. 


Programmable Divider 

This 15 bit divider is programmed with a 
binary coded dividing number, N, in or- 
der to synthesize a desired frequency 
fyco. In view of the current consumption, 
this divider was designed according to 
the rate select technique. This implies a 
minimum permissible dividing number, 
Nmin. which is equal to 512 in the SAA 
1057. The maximum dividing number, 
Nmax is given by the 15 bit length as 
32767. 


Two outputs of the programmable divid- 
er are fed to the phase detectors. They 
differ in frequency by a factor of 32. 


Reference Oscillator 

This oscillator is designed to operate 
with a low-cost 4MHz crystal. Only one 
pin is required for this stable, tempera- 
ture-compensated oscillator. 


In case of an externally available 4MHz 
signal of sufficient stability, the pin XTAL 
can be supplied with a resistor from that 
source. 


Reference Divider 

This divider generates the reference fre- 
quency for the digital phase detector 
from the 4MHz crystal frequency. This 
reference frequency is either 32kHz or 
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40kHz. It can be changed under soft- 
ware control and outputted at the pin 
TEST in case that is desired, e.g. for 
aligning the frequency of the reference 
oscillator. 


With these two reference frequencies, 
the minimum step size for changing the 
VCO's frequency is 1kHz and 1.25kHz 
on AM. On FM, the step size is 10kHz 
and 12.5kHz due to the divide-by-10 
prescaler. Larger steps in VCO frequen- 
cy (integer multiples of the values given 
above) can be achieved under software 
control. 


Phase Detectors 

A novel phase detector concept is used 
in the SAA1057, permitting the use of 
the same reference frequency on AM 
and FM, thereby facilitating the design of 
the loop filter. 


Two phase and frequency sensitive de- 
tectors are used in this concept, a high- 
speed digital flip-flop type detector and a 
high-gain analog sample and hold type 
detector. The digital phase detector (PD) 
operates at the reference frequency and 
provides for high tuning speed. The 
analog PD operates at 1/32 of the 
reference frequency and provides for 
improved spectral purity of the radio's 
VCO after lock has been achieved. 
There is no region of uncertainty in the 
analog PD's transfer characteristic. 


The analog PD is always operating. The 
digital PD can be switched on/off either 
under software control (see also 2.9) or 
automatically. If no features/test bits are 
selected, the digital PD is automatically 
switched on if the operating range of the 
analog PD is exceeded, e.g. when a 
jump in frequency is executed. It is 
automatically switched off again if the 
operating range of the analog PD has 
not been exceeded during three conse- 
cutive sampling periods. That is accom- 
plished by the in-lock detector. This 
detector can be set and reset under 
software control to establish the differ- 
ent modes of PD operation. 
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The "hold" voltage of the analog PD is 
converted to a DC current and summed with 
the output pulses of the digital PD. 


Gain-Programmable Current 
Amplifier 

The output current of the phase detector 
configuration is passed through a gain-pro- 
grammable amplifier. This is an equivalent for 
the normally used series resistor from the 
charge pump to the loop amplifier. The ad- 
vantage of this solution is that the loop gain 
can be programmed under software control 
without any changes in hardware. 


Loop Amplifier | 

The on-chip loop amplifier requires only a CR 
series connection between its input and out- 
put pins to build a basic loop filter. Tuning 
voltages of up to 30 volts can be generated. 
The supply voltage for this amplifier, Vccs, 
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Figure 1. Functional Block Diagram 


need not be stabilized; however, it should be 
sufficiently filtered. 


Data Reception 

The SAA1057 requires both frequency and 
control information from an external micro- 
computer. This information is received via an 
asynchronous serial data link with separate 
data (DATA), shift clock (CLCK) and enable 
(DLEN) lines. This structure with the associat- 
ed timing requirements used to be called 
CBUS. The logic levels on these CBUS lines 
are TTL compatible, independent of the sup- 
ply voltage. 


Incoming data is received in a shift register. A 
bus, load and control logic performs a format 
check on received data and a decision on 
whether the transmission was valid or not. 
Only correctly received data are transferred 
to one of the two latches. Frequency informa- 
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tion is stored in latch A and control informa- 
tion in latch B. 


Features / Test 

In addition to the basic PLL operation of the 
SAA1057 there are a few features and test 
functions which can be enabled by certain 
bits in the control information. 


Examples are synchronous loading of fre- 
quency data to prevent an out-of-lock condi- 
tion due to that transmission, disabling of the 
digital phase detector to avoid tuning noise in 
case of step tuning, and outputting of the 
reference frequency, e.g. for the alignment of 
the crystal oscillator frequency. Details are 
described in the application section of this 
report. 
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Table 1. Description of Components 


Defines current in S/H detector .g. R1 = 390 
Loop filter resistor, depends on VCO .g. R2= 18 
Low-pass filter resistor R3 = 100 
Matching resistor for FM input .g. R4 = 180 
Sample capacitor, low leakage type . C1 =2.2 
Hold capacitor, low leakage type . C2=10 
Decoupling of internal reference voltage . C3 =10 
Loop filter capacitor, depends on VCO .g. C4 = 330 
LOW-pass filter capacitor, mostly located in tuner, depends on loop frequency .g. C5 = 100 
Power supply filter capacitor .g. C6 = 100 
DC blocking capacitor . C7 =1 
Power supply filter capacitor .g. C8 = 100 
Decoupling of RF input stages . C9=10 
DC blocking capacitor . C10 = 22 
Series capacitor for crystal .g. C11 =33 
Crystal for reference oscillator, f = 4.000MHz 


SAA 1057 


AF01690S 


Figure 2. Basic Application 


Power Supply 

Besides the already mentioned supply volt- 
age for the loop amplifier there are two pins 
for the supply of the whole circuit: Veo; and 
Vec2. The supply voltage may be chosen in 
the range from 3.6 to 12 volts without signifi- 
cant influence on the supply current due to 
the internal stabilizer, which is decoupled at 
pin DCS. The supply voltage should be well 
filtered. 


APPLICATION 

The circuit diagram for the basic application 
of the SAA1057 in an AM/FM radio receiver 
is shown in Figure 2; a short description of the 
LD011308 components is given in Table 1. 


Figure 3. Bottom View of P.C. Board As there are many ways in which radio 
receivers can be different from each other, 
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e.g. number of wave bands, supply voltages, 
tuning voltage range, V/F characteristic of 
the VCO, the synthesizer circuitry has to be 
designed for a specific application. 


In this chapter information is given on all of 
the components in the circuit diagram and on 
the software requirements of the SAA1057 
for a number of receiver tuning procedures. 


A typical lay-out of a printed circuit board for 
the application of the SAA1057 is given in 
Figure 3. There are two connectors; one for 
the supply voltages and the connection of the 
radio receiver and one for the CBUS from the 
microcomputer or a synthesizer controller, 
like the SYCO Il. 


Interfacing of the Tuner's 


Oscillators 

The oscillator frequency lines are either real- 
ized on a p.c. board or as a screened cable, 
depending on their length, among others. The 
output at the AM VCO is not critical; it can be 
an inductive or capacitive tap at the resonant 
circuit, provided the output voltage is at least 
30 millivolts rms into a load of 2 kQ. The 
minimum required FM oscillator voltage is 10 
millivolts rms, the input resistance of the SAA 
1057 is 135 ohms. In order to minimize the 
voltage standing wave ratio, VSWR, a resis- 
tor, R4, is used to match the input resistance, 
Rieu, to that of the connecting cable, Zo. 
Ignoring the capacitances, R4 can be calcu- 
lated according to 


Riew*Z 
Ase 
Rirm — Zo 


(1) 


Let Z,=75 ohms, then 


_ 135°75 


R4 = -——_— 
135-75 


= 16922 


The closest standard resistor is R4 = 180 
ohms. 


The DC blocking capacitors, C7 and C10, 
should be chosen so that their series reac- 
tance at the lowest VCO frequency is small 
compared to the input impedance. Thus, 


4 


c7> > (2) 
2°77 *feM,min * Rie 
and 
1 
Cc10> >——__—_—_— (3) 


2°77 *faMmin * Riam 


Interfacing of the Tuning 


Voltage 

The output of the loop amplifier is connected 
to the varicap tuning diodes via a CR low- 
pass filter, R3 and C5. 
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Figure 4. Loop Filter Principle 


BD01410S 


Figure 5. PLL Block Diagram 


Although there is no lower limit of R3, a 
minimum of about 1002 should be used to 
avoid capacitive loading of the loop amplifier 
output. For C5, there is normally a lower limit 
given by the design of the varactor tuned 
resonant circuits in the radio. 


The cut-off frequency of the low-pass filter, 
f;p, should be less than the sampling frequen- 
cy, fs, of the phase detector in order to 
attenuate potential ripple at this frequency. 
On the other hand, the cut-off frequency 
should be high compared to the loop's natu- 
ral frequency, fpr, to keep the decrease of the 
phase margin as small as possible. f, de- 
pends on the F/V characteristic of the VCO, 
the dividing number, N, and the loop filter 
design. 


Thus, the choice of the low-pass filter's cut- 
off frequency is a compromise between ripple 
rejection at the sampling frequency and loss 
of phase margin. 


or 
1 
—>R3°C5> (5) 
Wn ar fs 


with Wy = 2° * fp 
fs = 1kHz or 1.25kHz 


Designing the Loop Filter 

Due to the on-chip loop amplifier and gain- 
programmable current amplifier, the loop filter 
consists of only two external components, R2 
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and C4. The loop filter principle is shown in 
Figure 4. 


As outlined earlier, the commonly used series 
resistor between charge pump and loop am- 
plifier input is replaced by a gain-programma- 
ble current amplifier in the SAA1057. There- 
fore, the loop filter transfer function evaluates 
to 


= Vout (s) _ 1+sT 


iin (S) sC4 6) 


with T = R2°C4. 


The basic block diagram of a PLL in terms of 
gain is shown in Figure 5. 


The output to input ratio reflects a second 
order system: 


(7) 


60(s) Ky*Ke* Ky 
6;(s) eas Ky * Ke * Ky 
N 
with Ky =gain of digital phase detec- 


tor including current amplifier 
Ke =gain of loop filter as given 
in Equation (6) 
Ky =gain of VCO 
N = integer divisor 


Substituting Ke yields 
(8) 
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Table 2. Loop Filter Input Current vs. Gain Programming 


OP01160S 


Figure 6. Type 2. Second Order Step Response 


Ky *Ky 
e+ (1 + 8T) 
N C4-N 


G(s) 
6(s) 


clearly showing the Characteristic Equation of 
a second order polynomial: 


C.E.=s?+s° 20°unt uF (9) 
By comparison of coefficients one obtains 
a /Ke* Ky 
Wn = ————— 
C4°N 
R2°C4 
2 


(10) 


(11) 


= Wn° 


with @, =loop bandwidth or natural 
frequency 
c = damping factor 


The gain of the phase detector, Ku, is the 
output current of the P.D. times the gain of 
the programmable current amplifier. In order 
to simplify the calculation, we re-write Equa- 
tion (10) as follows: 


dig * Svco 
wn? Y = 
C4°N 


with Igig = Current programmed according to 
Table 2 


and 


(12) 
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dfvco 
dVtune 


(13) 


Svco = 


being the slope of the VCO's F/V characteris- 
tic. 


Since neither Syco nor N remain constant 
over a larger frequency band, wr, and ¢ 
should be calculated for several points in the 
wave band considered, in order to find the 
appropriate constants for best loop perfor- 
mance. See the Appendix for a design exam- 
ple. 


The lock-up time not only depends on the 
loop filter components but also on the current 
gain setting. The longest time which can 
occur is that for a jump from one end of a 
wave band to the other. It consists of two 
parts: 


thand ™ tsiew + tsettie (14) 


The output pulses of the digital phase detec- 
tor can be assumed to have an average duty 
cycle of 50 o/o during most of the slew time. 
Therefore, tsigy can be approximated as 


C4 . AViune 


(15) 
Idig 


~ 
tslew is 


The settling time, tsettie. depends on wr and 
can be estimated from 


Wnt 
tsettle ~ 
n 


(16) 


with wt taken from Figure 6 for a certain 
overshoot and w, as given by Equation (12). 


The output phase response of a type 2 
second order system (Figure 5) to a phase 
step input is shown in Figure 6. The curves 
can also be used for frequency inputs and 
outputs. The required damping factor, ¢, for a 
given overshoot can be taken from the plot. 
Also, the natural frequency, wp, can be calcu- 
lated if ¢ and the lock-up time, tsettie, are 
known. 


The Analog Phase Detector 

In the analog PD a comparison of the relative 
phase of two digital signals is performed. In 
principle, a voltage ramp is started by the 
crystal controlled reference frequency and 
stopped by the high-speed output of the 
programmable divider. As only every 32nd 
output pulse is sampled, the phase jitter of 
that rate-multiplier type divider is eliminated. 
The ramp voltage is transferred to the hold 
capacitor, C2. Any deviation from the ramp's 
center voltage is converted to a current, 
amplified in the gain-programmable current 
amplifier, and fed into the loop amplifier. 


The voltage ramp is generated by first charg- 
ing the capacitor, C1, with internal circuitry 
and then discharging it with a constant cur- 
rent, which is defined by an external resistor, 
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C1 = 1nF * 


\ * Vir = 0.45 VOLTS 
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~ N 


C1 = 2.2nF 
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Figure 7. Maximum R1 As A Function Of Vcc2 


7C01470S 


Figure 8. Connection of an External 4MHz Source 


Table 3. Loop Filter Input Current Per Volt Change of the 
Hold Capacitor Voltage 


| crs | cen | crt | CPO | analog PER VOLT 
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R1. Thus, the slope of the ramp, i.e. the gain 
of the analog PD, can be changed by chang- 
ing the component values of C1 and R11. 
There are two limitations. For R1, there exists 
a minimum value of 100 ohms in order to limit 
the discharge current to a safe value and for 
C2, there is a maximum value given for both 
reference frequencies to permit complete 
pre-charging of that capacitor. 


The maximum ramp amplitude depends on 
the supply voltage, Voce, and is typically 


The time required for a discharge of C1 from 
VtcA.max tO Vtca,min depends on the value of 
C1 and the discharge current, which is de- 
fined by R1. The maximum time is 


Ci-V 
tramp = = (18) 
With 
VTR 
ldis = > 19 
dis R4 (19) 


and the maximum permitted time, tyjs, we can 
calculate the maximum value of resistor R1 to 
be 


eee tuis * VTR (20) 
me C1 * (Voce - 2) 


Vtr is the voltage at pin 1 of the SAA1057 
during the discharging of capacitor, C1. The 
dependency of the upper limit of R1 on Voce 
is shown in Figure 7 for two different values of 
C1. 


The center voltage is typically 


V 
Vio = er + 0.3 volts (21) 
giving an operating range of the analog PD of 
Vso = Vio + — (22) 


As the maximum output current of the analog 
PD depends on Vccp, only a ''gain'' constant 
of 1.5=myA/V is specified, i.e. a deviation of 
1 volt from the center voltage, V;5, produces 
an output current of 1.5=myA. This current is 
amplified in the gain-programmable amplifier 
and then fed into the loop amplifier. In Table 3 
there are given some loop filter input current 
values for different gain settings of the gain- 
programmable amplifier. 


To obtain the maximum currents obtainable 
from the analog PD, the values in Table 3 
have to be multiplied by 1/2 *Vramp. 


Generating the Reference 
Frequency 

The simplest way of completing the reference 
frequency oscillator is to connect a 4MHz 
quartz crystal from pin 17 (XTAL) to ground. 
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Figure 9. CBUS Timing 
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Figure 10. Data Word for Frequency 
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Figure 11. Data Word for Control Information 


Table 4. Frequency Programming Range 


Any crystal with a series resistance of not 
more than 150 ohms will do. As _ crystal 
frequencies are normally specified for a cer- 
tain external capacitance, a series capacitor, 
C11, should be connected in series with the 
crystal, Y1. If the crystal spec is properly 
chosen, a fixed capacitor will normally do. If 
we assume a mis-alignment of 50 ppm the 
resulting VCO frequency of e.g. 100MHz 
would be offset by 5kHz, i.e. half the step 


aii fmin = 512kHz 640kHz 
fmax = 32767kHz 40958.75kHz 
fmax = 327.67MHz 409.5875MHz 


size. That is normally unimportant. In special 
applications, however, it might be necessary 
to tune the crystal. There is room for a series 
trimmer capacitor on the p.c. board. 


Another way of generating the reference 
frequency is the use of an external 4MHz 
source of satisfactory stability. In Figure 8 it is 
shown how to connect such an external 
source. 
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LOAD PULSE 


XA! 


WF05140S 


TBO0530S 


Ya 


TBOOS40S 


Please note that the stray capacitance at pin 
17 should not exceed 8pF. 


Transmitting Data to the 
SAA1057 

All information is entered serially into the SAA 
1057. The timing of the CBUS data transmis- 
sion is shown in Figure 9. 


There are two checks performed on data 
received in the SAA1057 

- a test for the start bit 

- a test for correct word length. 


The start bit is tested during the high time of 
the first clock pulse. It has to be '0' to indicate 
the beginning of a proper transmission. 


The word length is defined as the number of 
clock pulses during the time interval 
DLEN = '1', i.e. the number of data bits plus 1 
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Table 5. Phase Detector Mode 


Automatic on/off 
Automatic on/off 


On 
Off 


Reference frequency 
Output of prog. divider 


Output of in-lock detector 
low = out-of-lock 
high = in-lock 


Control 1 


Control 2 


Controi 3 


X = don't care 


(start bit). The word length for the SAA1057 
is 17. 


Correctly received data are transferred to 
their latch by another pulse on the CLCK line, 
the so-called load pulse. Clock pulses need 
not be symmetric; however, minimum high 
and low times should be observed. 


Due to internal data shifting there is a time 
after the reception of the load pulse during 
which the SAA1057 does not react to infor- 
mation on the CBUS lines. This time is called 
busy time. Under worst case conditions this 
busy time is as long as 1.3 milliseconds, i.e. a 
following data transmission to the SAA1057 
must not start before 1.3 milliseconds have 
passed since the trailing edge of the load 
pulse. If the following transmission is, howev- 
er, intended for a different device, eg. a 
display driver, it may start as early as 5yus 
after the load pulse for the SAA1057. 


Frequency Information 
The organization of the data word for the 
setting of frequency is shown in Figure 10. 


Frequency is expressed as a dividing number, 
N, for the programmable divider according to 
the following formulae: 


32 * fosc,aM 
Nun (23) 
fret 
32 * fosc.FM 
y= (24) 
10 © fret 


with fosc being the VCO frequency (nor- 
mally the sum of tuning fre- 
quency and i.f.) and 
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frep being the reference frequency 
at the digital PD of either 
32kHz or 40kHz. 


The dividing number has then to be convert- 
ed to binary notation in a 15 bit format as 
shown in Figure 10 and a '0' added for the 
register select bit, thereby defining latch A as 
the destination of the data word. 


Due to the applied divider principle, the mini- 


mum dividing number is Nmin = 512. In case a 


smaller value is transmitted, N = 512 will be 
programmed. The maximum dividing number 
Of Nmax = 32767 results from the 15 bit 
length. The total programming range of the 
SAA1057 is given in Table 4. 


Concerning the usability of the given pro- 
gramming range the frequency limits of the 
SAA1057 (AM: 0.512 to 32MHz, FM: 60 to 
120MHz) as well as any relevant licensing 
regulations (e.g. FCC, GPO etc.) have to be 
observed. 


Control Information 

The organization of the data word for the 
transmission of control information is shown 
in Figure 11. 


By setting the control bits either low or high 
the mode of operation of the SAA1057 is 
programmed. The register select bit is always 
'1' to define latch B as the destination of 
control information. 


Control bit FM — With the control bit FM 
either the frequency at the AM input 
(FM ='0') or one tenth of the frequency at 
the FM input (FM='1') is switched to the 
input of the programmable divider. In AM 


9-80 


mode (FM = '0') a part of the FM signal path 
is switched off in order to reduce the current 
drain of the chip. 


Control bit REFH — With the control bit 
REFH the reference divider can be pro- 
grammed for two different dividing numbers, 
Nro = 125 and N,; = 100. In connection with 
the 4MHz reference oscillator this results in 
the reference frequencies fr = 32kHz and 
fr; = 40kHz and the sampling frequencies 
fs9 = 1kHz (REFH ='0') and f,4 = 1.25kHz 
(REFH = '1'), respectively. 


Control bits CP3 to CPO — With the control 
bits CP3 through CPO the gain of the gain- 
programmable current amplifier is influenced. 
In addition to a minimum gain there are 4 
steps available which may be combined at 
will. In Table 2 there are given some program- 
ming examples and the resulting loop filter 
input currents under control of the digital PD. 
With a given loop filter the PLL gain can be 
changed under software control in a range of 
1 to 100 with intermediate values resulting 
from programming of bit combinations. The 
current from the analog PD depends on the 
amount of phase error and the supply voit- 
age, Voce, as outlined in section 3.4. See also 
Table 3 for some current values. 


Control bit SB2 — With the control bit SB2 it 
can be chosen whether the features/test bits 
(lower half of control word) shall be used 
(SB2='1') or not (SB2='0'). In case of 
SB2 = '0' the lower 8 bits of the control word 
are interpreted as all ''zeros'' independent of 
the actual transmitted bit pattern. Please 
note, that the length of the control word must 
not be shortened in view of the format re- 
quirements of the SAA1057. In case of 
SB2 = '1' the actual value of the lower 8 bits 
is used. 


Control bit SLA — With this control bit it can 
be chosen whether transmitted frequency 
information is loaded into the programmable 
divider immediately after reception 
(SLA = '0') or synchronized to the sampling 
frequency (SLA = '1'). 


Asynchronous loading is mandatory for fre- 
quency changes of more than 31 tuning 
steps, 6.g. when recalling a pre-programmed 
station from memory. Synchronous loading 
(SLA = '1') is recommended for manuai tun- 
ing without muting in order to minimize tuning 

noise. | 


Control bits PDM1, PDMO — With these 
control bits the operating mode of the phase 
detectors is selected according to Tabie 5. 


The meaning of automatic on/off is that in 
case of a phase error exceeding the operat- 
ing range of the analog PD the digital PD is 
automatically switched on. It is switched off 
again as described in section 2.5, i.e. if the 
analog PD's operating range has not been 
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SILT = SiLent Tuning (Switching Signal) 


PFOO560S 


Figure 12. Data Sequences for the Synthesizer 


J 


Figure 13. Power Supply Filtering 


exceeded during three consecutive sampling 
periods. For the in-lock condition it is recom- 
mended to switch the digital PD permanently 
off in order to improve the digital PD perma- 


nently off in order to improve the VCO's 
spectral purity. Otherwise, induced distur- 
bances could cause a temporary out-of-lock 
condition and, thus, an audible noise. 
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Control bit BRM — With this control bit the 
bus receiver mode is selected, i.e. whether 
the bus receiver is permanently switched on 
(BRM = '0') or automatically switched off af- 
ter each data transmission (BRM ='1') in 
order to reduce the current drain. 


Control bits T3 to TO — These bits are test 
bits. T3 and T1 must always be programmed 
low. With T2 and TO a few internal signals can 
be put out at pin 18 (TEST) as shown in 
Table 6. 


Software Considerations 

After power has been applied to the SAA 
1057, an initialization must be performed 
before any meaningful data transmission 
takes place. This initialization can either con- 
sist of a train of at least 10 clock pulses on 
the CLCK line and afterwards a transmission 
of contro! information (word B) or by transmit- 
ting that control information twice, as it con- 
tains a sufficient number of clock pulses. 


A number of radio tuning operations is exe- 
cuted with the audio part being mute in order 
to suppress any tuning noise. This applies to 
recalling of stored stations, executing numeri- 
cal frequency inputs, changing of wave bands 
and to automatic search tuning. During manu- 
al tuning undistorted listening should be pos- 
sible. From the above there result a few 
different sequences of data transmissions 
from a wC to the SAA1057, as shown in 
Figure 12. 


It is assumed that at power-up the receiver is 
silent. Therefore, no SILT signal need be 
output to operate switching or squelch 
Circuitry. 


In Table 7 a proposal is made for a few 
control bits which are not dictated by tuner 
characteristics or test signals. 


FM and REFH depend on the current wave- 
band and the desired VCO step size. CP3 to 
CPO depend on the tuner characteristics and 
tuning time specification, their programming 
need not be the same for each control word. 
The word ''control 3"' sets the synthesizer to 
synchronous loading of frequency data, i.e. 
no extra control information is required in 
case of manual tuning, and switches the 
digital phase detector off for best spectral 
purity of the tuner's VCO. 


The different delays shown in Figure 12 serve 
for the following purposes. ‘Delay 1' is intend- 
ed to permit the audio squelch circuitry to 
reach a certain muting depth before tuning 
changes. The time is typically in the range 
between 0 and 50 milliseconds. ‘Delay 2’ is to 
adjust search tuning sweep speed to a speci- 
fied value. The time depends largely on the 
frequency step size and on receiver time 
constants. In case of the minimum step size 
there might be no delay allowed at all. Time is 
typically between 0 and 50 milliseconds. Dur- 
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ing ‘delay 3' the actual tuning process takes 
place. In order to permit any frequency to be 
tuned to, this time is normally between 200 
and 500 milliseconds. 


The path for manual tuning in Figure 12 
depends on the type of actuator, e.g. tuning 
knob or plus/minus buttons. In case of a 
tuning knob the tuning speed depends on the 
user's action. In case of plus/minus buttons 
and one step per operation it is nearly the 
same. But in case of an auto-repeat function 
some time delay is required to adjust the 
speed, as shown for the path of automatic 
search tuning. 


Please note, that between consecutive trans- 
missions to the SAA1057 there has to be a 
minimum time delay of 1.3 milliseconds 
(SLA ='1'). This need not necessarily be a 
restriction, as processing of data in the micro- 
computer, e.g. BCD to binary conversion or 
operating a display driver, also takes time. 


Power Supply Requirements 

As shown in Figure 2, two different supply 
voltages are required for the SAA1057. 
Voci/2 is between 3.6 and 12 volts and Voc3 
between Vcco2 and 31 volts, depending on the 
varactor diodes used in the tuner. If the full 
programming range of the gain-programma- 
ble current amplifier is to be used, Voc1/2 
should, however, not be less than 5 volts. 


Power supply ripple cannot be neglected 
because of the limited ripple rejection of the 
SAA1057. For the calculation of permissible 
power supply ripple let us assume the follow- 
ing: 
- we use an FM tuner 
- the maximum slope is Syco = 3MHz/V 
~ the desired signal-to-noise ratio is 
SNR = 75dB 
- SNR is based on a deviation of 
Af = + 40kHz 
- SNR depends on supply ripple only 


From the data sheet it can be seen that the 
rejection of Voce and Vccz ripple is dominat- 
ing. If we assume both voltages to be of equal 
influence each of them has to give an SNR 
which is 3dB better than specified. The per- 
missible supply ripple voltage (peak-to-peak) 
can be calculated from 


2*Af —_(Tycci- SNR - 3B) 
Vinee ee 


with i=2 or 3, indicating Vcce2, Vccs 
ryvcci = ripple rejection of Voc in dB 


For the data assumed above we will get 
Vr.vcce = 0.6mV peak-to-peak 
Vr.vec3 = 6mV peak-to-peak 


In other words, if the power supply ripple in 
the basic application of Figure 2 is not greater 
than indicated above, an overall signal-to- 
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noise ratio of 75dB can be achieved with a 
VCO slope of 3MHz/V and no other noise 
sources being present. 


If, however, the actual power supply ripple is 
larger than the limit calculated for a desired 
SNR, additional filtering has to be used. The 
design of a filter circuit depends on the 
permitted voltage drop. If a drop of several 
volts is acceptable, a circuit as given in Figure 
13a can be used. If the drop should be less 
than 1 volt, Figure 13b could be used. 


Let us assume that a stabilized supply voltage 
of 8 volts with a maximum ripple of 5 millivolts 
peak-to-peak is available. We choose the 
filter circuit of Figure 13a to generate the 
supply voltage Vcoci/2. The attenuation is 
given by 


a= 20+logV1 + (wRC)* (26) 


The required attenuation is 20°log (5/ 
0.6) = 18.5dB. In order not to operate the 
SAA1057 below 5 volts, the drop across R 
should be less than 3 volts. Thus, 


. 3 volts 4670 
max 18mA 


We select 
R = 1500 
C = 100uF 


and obtain an attenuation of 
a=21dB @ f,=120Hz 


Now let us calculate component values for 
Figure 13b as a filter for Vcc3. Let us assume 
a supply voltage of 30 volts with a ripple of 1 
volt peak-to-peak and a maximum tuning 
voltage of 27 volts. The allowed voltage drop 
should be less than 1 volt. The required filter 
attenuation is 20 log (1/0.006) = 44.4dB. 
Again the attenuation is given by Equation 
(26). The voltage drop is 


le°R 


AV = Voge + = (27) 


with 
le = load current = Icc3 


B=DC gain of transistor 


We select 
R = 10kQ 
C = 22uF 
and obtain 
a=44.4dB @ fr=120Hz 
AV =0.7 volts @Vpe=0.6 volts 
B= 100 
le =1mA 


In case of higher attenuation, i.e. a larger time 
constant R°C, a speed-up path for a quick 
charging of C at power-on should be provid- 
ed. Otherwise, Vcc3 could reach its nominal 
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value too late and tuning to the desired 
frequency can be delayed. 


SUMMARY 

This report has described a new microcompu- 
ter-controlled AM/FM radio PLL frequency 
synthesizer IC, the SAA1057, and its basic 
application. 


There are several unique design ideas real- 
ized in the IC. The most important is the 
combination of a digital and an analog phase 
detector, giving improvements in tuning 
speed as well as in spectral purity of the VCO. 
The use of the same reference frequency for 
both AM and FM tuning simplifies the design 
of the loop filter. The PLL gain can be 
programmed in a range of 1 to 100 under 
software control, thereby eliminating the need 
for switching of external loop filter compo- 
nents. 


For the basic application to AM/FM radios 
there is information given on hardware, soft- 
ware, power supply and a design example for 
the calculation of the loop filter. 
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APPENDIX 


Design Example 
Based on the Circuit Diagram of Figure 2 a 
PLL frequency synthesizer for an FM radio 
shall be designed. The following tuner data 
are given: 


tuning range fr.¢, = 88 to 108MHz 


tuning steps Af,.¢, = 10kHz 
intermediate frequency fi4, = 10.70MHz 
tuning voltage Viune = 4 to 28 volts 
VCO gain Syco = 3.0 to 0.3MHz/V 


Syco is assumed to decrease linearly from 
the low end of the tuning range to the high 
end. 
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From the tuning step size it is obvious to use 
REFH = 0, i.e. 32kHz reference frequency. 
Using Equation (24) we can calculate the min 
and max values of the dividing number, N, for 
the programmable divider: 


Nein = 9870 


The tuning time from one end of the band to 
the other is assumed to be not longer than 
0.4 seconds. If we split this time into equal 
parts for the slew and settle times, we can 
calculate capacitor C4 by rewriting equation 
(15) as 


 tstew * ldig 


C4 ® 
2° AVtune 


(15a) 


For the first trial a medium value is taken for 
the loop filter current, e.g. 


Idig = 0.1MA (CP = 0010) 
We then get from Equation (15a) 
C4 + 0.4uF 


We choose the closest standard capacitor 
value of 


C4 = 0.33 uF 
and calculate an approximate slew time of 
tsilew ~ 0.16 seconds 


Now we have to determine the lower limit of 
the loop's natural frequency and see if the 
actual frequency is larger. From Figure 6 we 
read w,t = 7 for a maximum overshoot of 1 
o/o at an optimum damping factor of 0.7. We 
re-write Equation (16) as 


Wn *t 


Wn = (16a) 


tsettle 


and calculate 


Gn min 2 35s"! 


with tsettie = 0.2 seconds being our initial 
assumption. Using Equation (12) we calculate 
the loop's natural frequency for the low and 
high ends of the tuning range. 


Gn, low = 304 s 
Wn,high = 88 S™ 


As both values are well above the minimum, 
the settling time will not be larger than as- 
sumed and we will not have to change the 
assumptions made so far. 


Now, we have to solve for resistor, R2. 
Looking at Equation (11) we quickly realize 
that the damping factor, §, will change with 
Wn, thereby influencing the overshoot. Let us 
try to solve this dilemma by calculating R2 for 
the mid of the tuning range. We take 


N = 10870 
Syco = 1.7MHz/V 
Idig = 0.1MA 
6 =0.7 
C4 = 0.33 uF 
and get 
Wn = 218 s7! 


R2 = 19500 ohms 


We choose a standard resistor value of 
R2 = 18kQ2 


and check the damping factor with the aid of 
Equation (11) at the ends of the tuning range 
end get 

Slow = 0.87 

i high = 0.25 


The low end value is still good. At the high 
end the response is highly under-damped, 
resulting in wpt= 18 for a maximum over- 
shoot of 1 0/o. That would mean a settling 
time of 

tsettie = 0.2 seconds 


which is equal to our assumption. In reality, 
the digital phase detector will be switched off 
earlier due to the action of the analog PD. 
Thus, tuning from one end of the band to the 


other is achieved in less than 0.4 seconds. If 
the calculated damping factor Shigh is regard- 
ed too small, a new calculation can be started 
with a higher current gain, @.g. lgig = 0.3mMA 
(CP = 0110). This would result in Shigh = 0.45 
and Siow = 1.56 which is now too large. 


For normal applications it seems to be satis- 
factory to use only one value for the gain- 
programmable amplifier. Using more than one 
value within one wave-band requires addition- 
al software in the wC because the tuning 
frequency has to be checked against some 
cross-over frequency. 


For the low-pass filter, R3 and C5, we get 
from Equation (5) by using Wp = Wriow 


4.6ms > R3 °C5 > 0.32ms 


We choose the filter time constant to be 1 
millisecond, resulting in component values of 
e.g. 

R3 = 10kQ 

C5 = 0.1pF 


As the filter capacitor might be designed in 
view of r.f. reasons, a modification may be 
necessary which, however, should include R3 
to maintain the time-constant of the low-pass 
filter. 


ADDENDUM 

The currently available samples of the 
SAA1057 are stamped as N 1653. These 
samples require an extra current of approxi- 
mately 10 microamps at room temperature 
into pin 4. This extra current can most easily 
be realized by connecting a resistor between 
pins 4 and 16. In this case, the supply voltage 
Voc1/2 shall not be changed, once a resistor 
value has been fixed. For a nominal supply 
voltage of Voci/2 = 5 volts, a resistor value of 
270k ohms is an adequate solution at room 
temperature. At ambient temperatures above 
approx. 40 to 45°C it may be necessary to 
increase the resistor value. 
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Until now, the almost total integration of an f.m. radio has 
been prevented by the need for LC tuned circuits in the 
1.f., i.f., local-oscillator and demodulator stages. An obvious 
way to eliminate the coils in the i.f. and demodulator stages 
is to reduce the normally used intermediate frequency of 
10.7 MHz to a frequency that can be tuned by active RC 
filters, the op-amps and resistors of which can be integrated. 
An i.f. of zero seems to be ideal because it eliminates 
spurious signals such as repeat spots and image response, 
but it would not allow the i.f. signal to be limited prior to 
demodulation, resulting in poor S/N ratio and no a.m. 
suppression. With an i.f. of 70 kHz, these problems are over- 
come and the image frequency occurs about halfway 
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between the desired signal and the centre of the adjacent 
channel. However, the i.f. image signal must be suppressed 
and, in common with conventional f.m. radios, there is also 
a need to suppress interstation noise and noise when tuned 
to a weak signal. Spurious responses above and below the 
centre frequency of the desired station (side tunings), and 
harmonic distortion in the event of very inaccurate tuning 
must also be eliminated. 

We have now developed a mono f.m. reception system 
which is suitable for almost total integration. It uses an active 
70 kHz i.f. filter and a unique correlation muting circuit for 
suppressing spurious signals such as side responses caused 
by the flanks of the demodulator S-curve. With such a low 


A laboratory model of the TDA7000 in a complete f.m. radio. Also shown is the TDA7010T in the SO package against a cm scale. 
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i.f., distortion would occur with the +75 kHz i.f. swing due 
to received signals with maximum modulation. The maxi- 
mum i.f. swing is therefore compressed to +15 kHz by 
controlling the local-oscillator in a frequency locked loop 
(FLL). The combined action of the muting circuit and the 
FLL also suppresses image response. 

The new circuit is the TDA7000 which integrates a mono 
fm. radio all the way from the aerial input to the audio 
output. External to the IC are only one tunable LC circuit 
for the local-oscillator, a few inexpensive ceramic plate 
capacitors and one resistor. The TDA7000 dramatically 
reduces assembly and post-production alignment costs 
because only the oscillator circuit needs adjustment during 
manufacture to set the limits of the tuned frequency band. 
The complete f.m. radio can be made small enough to fit 


Vp 
(+4,6V) 


| CORRELATOR 


LOOP 
FILTER 


a.f, output 


Fig.1 The TDA7000 as a variable capacitor 
tuned f.m. broadcast receiver 


LF. LIMITER 
AMPLIFIER 


. >< 
MIXER 
wank 
4r 4h 
Pe LOCAL OSC 
Vp 
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inside a calculator, cigarette lighter, key-ring fob or even a 
slim watch. The TDA7000 can also be used as a receiver in 
equipment such as cordless telephones, CB radios, radio- 
controlled models, paging systems, the sound channel of a 
tv set or other fm. demodulating systems. 

Using the TDA7000 results in significant improvements 
for all classes of f.m. radio. For simpler portables, the small 
size, lack of i.f. coils, easy assembly and low power con- 
sumption are not the only attractive features. The unique 
correlation muting system and the FLL make it very easy 
to tune, even when using a tiny tuning knob. For higher- 
performance portables and clock radios, variable-capaci- 
tance diode tuning and station presetting facilities are often 
required. These are easily provided with the TDA7000 
because there are no variable tuned circuits in the r-f. signal 


22nF C29 
cis 47 pF C23 | c12 ci 
100 nF L2 '2) 39 1SOpF =. 3,3 nF 


ies 


14 
14V 
7002 | 7002 


TDA7000 


AFIA 


icf) ae 
2,2 kQ 
LF, 
FILTER 
7 8 


56 nH . 
L1 


C19 ,, 27 pF 3,3 nF 
C21 


C& cB 
180 pF 
C20 56 pF 


7290212 


1) These pins are not used in the SO package version (TDA7010T) 
AP = All-Pass filter. 


2) L2_ is printed on the experimental PCB (Fig. 12). 
Ly = Toko MC108 No.514 HNE 150013813. 
C29 = Toko No. 2A-15BT-RO1. 
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path. Only the local-oscillator needs to be tuned, so tracking 
and distortion problems are eliminated. 

The TDA7000 is available in either an 18-lead plastic DIL 
package (TDA7000), or in a 16-pin SO package(TDA7010T). 
Future developments will include reducing the present 
supply voltage (4.5 V typ.), and the introduction of f.m. 
stereo and a.m./f.m. versions. 


BRIEF DATA 

typical supply voltage Vp 45V 
typical supply current Ip 8mA | 
r.f. input frequency range frf 1.5 to 110MHz 


sensitivity for —3 dB limiting e.m_f. 
with Zs; = 75Q, mute disabled 


maximum signal input for 
THD <10%, Af = 75 kHz 


Vrf-3dB  1.5uV 


e.m.f. with Z. = 75Q Vrf 200 mV 
audio output (r.m.s.) with 

Rp = 22kQ, Af = +22.5 kHz Vo 75 mV 
CIRCUIT DESCRIPTION 


As shown in Fig.1, the TDA7000 consists of a local-oscillator 
and a mixer, a two-stage active iJf. filter followed by anivf. 
limiter/amplifier, a quadrature fm. demodulator, and an 
audio muting circuit controlled by an i.f. waveform cor- 
relator. The conversion gain of the mixer, together with the 
high gain of the if. limiter/amplifier, provides a.v.c. action 
and effective suppression of a.m. signals. The r.f. input to 
the TDA7000 for —3 dB limiting is 1.5 uV. In a conven- 
tional portable radio, limiting at such a low r.f. input level 
would cause instability because higher harmonics of the 
clipped i.f. signal would be radiated to the aerial. With the 
low i.f. used with the TDA7000, the radiation is negligible. 
To prevent distortion with the low i.f. used with the 
TDA7000, it is necessary to restrict the i.f. deviation due to 
heavily modulated rf. signals to +15 kHz. This is achieved 
with a frequency-locked loop (FLL) in which the output 
from the fm. demodulator shifts the local-oscillator fre- 
quency in inverse proportion to the i.f. deviation due to 
modulation. 


Active i.f. filter 


The first section of the i-f. filter (AF1A) is a second-order 
low-pass Sallen-Key circuit with its cut-off frequency 
determined by internal 2.2kQ resistors and external 
capacitors C7 and Cg. The second section (AF1B) consists 
of a first-order bandpass filter with the lower limit of the 


passband determined by an internal 4.7kQ resistor and 


external capacitor C11. The upper limit of the passband is 
determined by an internal 4.7kQ resistor and external 
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capacitor CjQ. The final section of the if. filter consists of 
a first-order low-pass network comprising an internal 12 kQ 
resistor and external capacitor C}7. The overall i.f. filter 
therefore consists of a fourth-order low-pass section and a 
first-order high-pass section. Design equations for the filter 
are given in Fig.2. Figure 3 shows the measured response for 
the filter. 


Sallen-Key filter BP LP 
7290191 


Sallen-Key circuit 


Asx = ———_-_-—-_—— ith =2R1C 
SK 1+ jwa— wb rags iy : 
b = R74C7Cg 
1 vb C7 
With f = = —=(Q, ies 
Re OY daft JiC7Cah 8 8 Cg 
g 
ASK = 


TO care ee w? 
le Q w?, 


For C7 = 3.3 nF, Cg = 180 pF; Q = 2.1 and fg = 94 kHz 


Bandpass circuit 


hee jwC44RQ 
BRE : 
+ CioR 
1 + jwCroR2 1+ jwC44Ro + —2C10R2 
1 + jwCyQRo 
for f u d f 
or ee Bn ale aeeeecrarranges 
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fLp 1 
ABP f ftp 
. (141% )(1-i E) er 
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For C19 = 330 pF, Cq_ = 3.3 nF; fp = 103 kHz, fyyp = 10.3 kHz 
\ 
Low-pass circuit 


1 
A oS raatnp Anas casein nacense 
LP 1 + jwC42R3 


1 
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ALp= 
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For C42 = 150 pF; f, p = 88.4 kHz. 


Fig.2 I.F. filter of the TDA7000 
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(dB) - 


Fig.3 Measured response of the i.f. filter 


F.M. demodulator 


The quadrature fm. demodulator M2 converts the i.f. varia- 
tions due to modulation into an audio frequency voltage. 
It has a conversion gain of —3.6 V/MHz and requires phase 
quadrature inputs from the if. limiter/amplifier. As shown 
in Fig.4, the 90° phase shift is provided by an active all-pass 
filter which has about unity gain at all frequencies but can 
provide a variable phase shift, dependent on the value of 
external capacitor C17. 


to correlator 
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With Ra = 0, 
@ = —2 tan wR1C17 


for @ = —90°, C17 = 


1 
. = 227 pF for fi¢ = 70 kHz. 
wR Pp if 
To improve the performance of the all-pass filter with the 
amplitude limited i.f. waveform, Ro has been added. 

Since this influences the phase angle, the value of C17 must 
be increased by 45% i.e. to 330 pF for fj¢ = 70 kHz. 


Fig.4 F.M. demodulator phase shift circuit (all-pass filter) 


I.F. swing compression with the FLL 


With a nominal if. as low as 70kHz, severe harmonic 
distortion of the audio output would occur with an if. 
deviation of +75 kHz due to full modulation of a received 
f.m. broadcast signal. The FLL of the TDA7000 is therefore 
used to compress the i.f. swing by using the audio output 
from the f.m. demodulator to shift the local-oscillator 
frequency in opposition to the i.f. deviation. The principle 
is illustrated in Fig.5, which shows that an i.f. deviation of 
75 kHz is compressed to about 15kHz. The THD is thus 
limited to 0.7% with +22.5 kHz modulation, and to 2.3% 
with +75 kHz modulation. 


F.M. 


fr MIXER AND DEMODULATOR Vat 
LF. AMPLIFIER (CONVERSION 
GAIN D = 


—3,6V/MHz ) 


VOLTAGE- 
CONTROLLED 
LOCAL OSC. 
Cdiode (SLOPE S = 

—1,14pF/V) 
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Co = Cext + Cstray + Cdiode with open loop = 49 pF at fg = 96 MHz 


ALS fo 
feedback factor 6 = 
2Co 
open loop conversion gain = D = —3.6 V/MHz 
; ; D 
closed loop conversion gain = 1+ Dp = 0.68 V/MHz for fo = 96 MHz 
open loop gain 3.6 V/MHz 
modulation compression factor K = ee = ane wie = 5 


closed loop gain ~ 0.684 V/MHz 
1 
Afose = Afrt [1 ee 
A 
aa 


for Afr¢ = 75 kHz, Afgge * 60 kHz, Afig © 15 kHz 
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Afi = 85—70= 15 kHz 


fosc * fo fose fre tof 
i 
_Afoye" 6OKHE 
Of,¢.2 75 kHz 
| rf 
fig = 70 kHz 
a aa - f'g = 85 kHz 


96,075 96,1 


95997 96 © 


95,9 95,93 


fr (MHz) 
Fig.5 1.F. swing compression with the FLL 
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Correlation muting system with open FLL 


A well-known difference between f.m. and a.m. is that, for 
f.m., each station is received in at least three tuning posi- 
tions. Fig.6 shows the frequency spectrum of the output 
from the demodulator of a typical portable f.m. radio 
receiving an r.f. carrier frequency-modulated with a tone of 
constant frequency and amplitude. In addition to the audio 
response at the correct tuning point in the centre of Fig.6, 
there are two side responses due to the flanks of the de- 
modulator S-curve. Because the flanks of the S-curve are 
non-linear the side responses have increased harmonic 
distortion. In Fig.6, the frequency and intensity of the side 
responses are functions of the signal strength, and they are 


200 kHz 
tp 


Vat 


Vat 


Vat 


enlarged in 
Vaf 1 vertical direction 0,7 2V 


tuned frequency 


7290210 


Fig.6 Audio signal of a typical portable radio as a function 
of tuned frequency with r.f. input as a parameter. The modu- 
lation frequency and amplitude are both constant 
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separated from the correct tuning point by amplitude 
minima. However, in practice, the amplitude minima are 
not well defined because the modulation frequency and 
index are not constant and moreover, the side responses of 
adjacent channels often overlap. 

High performance f.m. radios incorporate squelch 
systems such as signal-strength-dependent muting and 
tuning-deviation-dependent muting (Ref.1) to suppress side 
responses. They also have a tuning meter to facilitate 
correct tuning. Although the TDA7000 is mainly intended 
for use in portables and clock radios, it incorporates a very 
effective new correlation muting system which suppresses 
interstation noise and spurious responses due to detuning to 
the flanks of the demodulator S-curve. The muting system 
is controlled by a circuit which determines the correlation 
between the waveform of the i.f. signal and an inverted 
version of it which is delayed (phase shifted) by half the 
period of the nominal i.f. (180°). A noise generator works 
in conjunction with the muting system to give an audible 
indication of incorrect tuning. 


large LF 
correlation ae | | | |_| 
with (a) 
correct 


tuning I:F. | | | | 
small \.F. | | | | | | 


correlation (b) 


due to 
detuning LFA’ | | | | | | 
very small \.F. | | | | | 


correlation (c ) 


due to 
noise LF.’ | | | | 
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Fig.7 Function of the correlation muting system 


Figure 7 illustrates the function of the muting system. 
Signal IF’ is derived by delaying the i.f. signal by half the 
period of the nominal i.f. and inverting it. With correct 
tuning as shown in Fig.7(a), the waveform of the two 
signals are identical resulting in large correlation. In this 
situation, the audio signal is not muted. With detuning as 
shown in Fig.7(b), signal IF’ is phase-shifted with respect to 
the if. signal. The correlation between the two waveforms 
is therefore small and the audio output is muted. Figure 7(c) 
shows that, because of the low Q of the if. filter, noise 
causes considerable fluctuations of the period of the if. 
signal waveform. There is then small correlation between 
the two waveforms and the audio is muted. The correlation 
muting system thus suppresses noise and side responses due 
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to detuning to the flanks of the demodulator S-curve. Since 
the mute threshold is much lower than that obtained with 
most other currently used muting systems, this muting 
system is ideal for portable radios which must often receive 
signals with a level only slightly above the input noise. 


F.M. 
DEMODULATOR 
ALL-PASS 
FILTER 
(Fig. 4) 


mute 
control 


C18 ci 
7290196 - » 


$2 = —2 tan”! wWR1Cig — 4 

for 62 = -180° Cyg= —— 
2 18 wRy 

for fjf = 70 kHz, Cyg = 227 pF. 


Fig.8 Correlator of the TDA7000 


As shown in Fig.8, the correlation muting circuit consists 
of all-pass filter AP2 connected in series with f.m. de- 
modulator all-pass filter AP] and adjusted by an external 
capacitor to provide a total phase shift of 180°. The output 
from AP2 is applied to mixer M3 which determines the 
correlation between the undelayed limited i.f. signal at one 
of its inputs and the delayed and inverted version of it at 
its other input. The output from mixer M3 controls a muting 
circuit which feeds the demodulated audio signal to the 
output when the correlation is high, or feeds the output 
from a noise source to the output to give an audible indica- 
tion of incorrect tuning when the correlation is low. The 
switching of the muting circuit is progressive (soft muting) 
to prevent the generation of annoying audio transients. The 
output from mixer M3 is available externally at pin 1 and 
can also be used to drive a detuning indicator. 

Figure 9 shows that there are two regions where the de- 
modulated audio signal is fed to the output because the 
muting is inactive.’One region is centred on the correct 
tuning point fL. The other is centred on the image fre- 
quency —fL. The image response is therefore not suppressed 
by the muting system when the frequency-locked loop is 
open. When the loop is closed, the time-constant of the 
muting system, which is determined by external capacitor 
Cj, prevents the image response being passed to the audio 
output. This is described under the next heading. 
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Fig.9 Operation of the correlation muting system 
with open-loop FLL 


Correlation muting system with closed FLL 


The closed-loop response of the FLL is shown in Fig.10, in 
which the point of origin is the nominal i.f. (fff — fosc=fL). 
With correct tuning, the muting is inactive and the audio 


incorrect 
side tuning 


capture 
range 


-_———————_ holding range ————__——— 7290208 


Cj ™ area of correct tuning 


Fig.10 Closed-loop response of the FLL. The slope of the 
correct tuning line is such that a 75kHz deviation of fr¢ 
causes a 15 kHz deviation of f-¢—fose 
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signal is fed to the output. Spurious responses due to the 
flanks of the demodulator S-curve which occur outside the 
if. band —f2 to fg are suppressed because the muting is 
active. Fast transients of the audio signal due to locking of 
the loop (A and B), and to loss of lock (C and D) are sup- 
pressed in two ways. 

Lock and loss of lock transients B and D occur when the 
if. is greater than f2 and are therefore suppressed because 
the muting is active. The situation is different during loss of 
lock transient C because the muting is only active for the 
last part of the transient. To completely suppress this 
transient, capacitor Cj in Fig.1 holds the muting control 
line positive (muting active) during the short interval whilst 
the i.f. traverses from —f1 to —f2. The same applies for lock 
transient A during the short interval whilst the i.f. traverses 
from —f2 to —f]. Since the image response occurs halfway 
between —f] and —f9, it is also suppressed. 


200 kHz 


Vet = 10mV 


tuned frequency 


7290209.1 


Fig.11 Audio signal of the TDA7000 as a function of the 
tuned frequency with r.f. input as a parameter. The modu- 
lation frequency and amplitude are both constant 


Figure 11 shows the audio output from the TDA7000 
radio as a function of tuned frequency with aerial signal 
level as a parameter. Compared with the similar diagram for 
a typical conventional portable radio (Fig.6), there are 
three important improvements: 
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— There are no side responses due to the flanks of the de- 
modulator S-curve. This is due to the action of the 
correlation muting system (soft mute) which combines 
the function of a detuning-dependent muting system 
with that of a signal-strength-dependent muting system 


— The correct tuning frequency band is wide, even with 
weak aerial signals. This is due to the a.f.c. action of the 
FLL which reduces a large variation of aerial input fre- 
quency (equivalent to detuning) to a small variation of 
the if. There is no audio distortion when the radio is 
slightly detuned 


— Although the soft muting system remains operative with 
low-level aerial signals, there is no degradation of the 
audio signal under these conditions. This is due to the 
high gain of the i.f. limiter/amplifier which provides 
—3 dB limiting of the i.f. signal with an aerial input level 
of 1.5uV. However, the soft muting action does reduce 
the audio output level with low level aerial signals. 


RECEIVER CIRCUITS 


Circuits with variable capacitor tuning 


The circuit diagram of the complete mono f.m. radio shown 
in the frontispiece is given in Fig.l. An experimental 
printed-wiring board layout is given in Fig.12. Special 
attention has been paid to supply lines and the positioning 
of large-signal decoupling capacitors. 

The functions of the peripheral components of Fig.1 not 
already described are as follows: 


C]: 
Determines the time constant required to ensure muting of 
audio transients due to the operation of the FLL. 


C2: 
Together with R2 determines the time-constant for audio 
de-emphasis (e.g. R2C2 = 40 us). 


C3: 

The output level from the noise generator during muting 
increases with increasing value of C3. If silent mute is re- 
quired, C3 can be omitted. 


C4: 

Capacitor for the FLL filter. It eliminates i.f. harmonics at 
the output of the fm. demodulator. It also determines the 
time-constant for locking the FLL and influences the fre- 
quency response. 


C5: 
Supply decoupling capacitor which must be connected as 
close as possible to pin 5 of the TDA7000. 
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C7 to C12, C17 and C18: 

Filter and demodulator capacitors. The values shown are 
for an if. of 70kHz. For other intermediate frequencies, 
the values of these capacitors must be changed in inverse 
proportion to the i.f. change. 


C]4: 

Decouples the reverse r.f. input. It must be connected to 
the common return via a good quality short connection to 
ensure a low-impedance path. Inductive or capacitive 
coupling between C14 and the local-oscillator circuit or if, 
output components must be avoided. 


C15: 
Decouples the d.c. feedback for i.f. limiter/amplifier LA1. 


C19 and C2]: 
Local-oscillator tuning capacitors. Their values depend on 
the required tuning range and on the value of tuning 
capacitor C20. 


C22, C23, £1, L2: 

The values given are for an r.f. bandpass filter with Q=4 for 
the European and U.S.A. domestic f.m. broadcast band 
(87.5 MHz to 108 MHz). For reception of the Japanese f.m. 
broadcast band (76 MHz to 91 MHz), Lj must be increased 
to 78 nH and L2 must be increased to 150 nH. If stopband 
attenuation for high level a.m. or tv signals is not required, 
L2 and C27 can be omitted and C73 changed to 220 pF. 


R2: 
The load for the audio output current source. It determines 


the audio output level, but its value must not exceed 22 kQ 
for Vp = 4.5 V, or 47 kQQ for Vp =9V. 


| the circuit of Fg. 1 
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Fig.13 Audio output as a function of input e.m.f. The curves numbered 1 were measured with the 
muting system active. The curves numbered 2 were measured with the muting system disabled by 
injecting about 20 wA into pin 1 of the TDA7000. The input frequency was 96 MHz modulated with 
1 kHz with a deviation of + 22.5 kHz for the output level curves, and + 75 kHz for the distortion curve 
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Performance of the circuit 


unless otherwise specified, Vp = 4.5 V, Tamb = 25 °C, fy¢ = 96 MHz, Vif = 0.2 mV e.m.f. from a 75 Q source, modulated with 
Af = +22.5 kHz, fm = 1 kHz. Noise voltage measured unweighted over the bandwidth 300 Hz to 20 kHz 


parameter symbol typ. max. unit 
sensitivity 


(e.m.f. voltage) 
for —3 dB limiting: 


muting disabled EMF 1.5 _ wV 

for —3 dB muting EMF 6 = uV 

for (S+N)/N = 26 dB EMF 5.5 — uV 
signal handling (e.m.f. voltage) 

for THD < 10%; Af = +75 kHz EMF 200 — mV 
signal-to-noise ratio (see Fig.13) (S+N)/N 60 — dB 
total harmonic distortion (see Fig.13) 

at Af=+22.5kHz | THD 0.7 _ % 

at Af = +75 kHz THD 2.3 — % 


a.m. suppression 
(ratio of the a.m. output signal 
referred to the f.m. output signal) 
fim. signal: fy, = 1 kHz; Af = +75 kHz 


a.m. signal: fp, = 1 kHz; m = 80% AMS 50 _ dB 
ripple rejection (AVp = 100 mV; 

f= 1 kHz) RR 10 _ dB 
oscillator voltage (r.m.s. value) 

at pin 6 V6-5(rms) 250 - mV 
variation of oscillator frequency 

with supply voltage (AVp = 1 V) Afosc 60 — kHz/V 
selectivity S+300 45 ~ dB 

S_300 35 - dB 

a.f.c. range Afr +300 - kHz 
audio bandwidth at AV, = 3 dB 

measured with pre-emphasis (t = 50 us) B 10 _ kHz 
a.f. output voltage (r.m.s. value) 

at Ry = 22k Vo(rms) 75 _ mV 
load resistance for audio output current source 

at Vp = 4.5 V RL — 22 kQ 

at Vp = 9.0 V RL — 47 kQ 
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Circuit with variable-capacitance diode tuning 


Since it is only necessary to tune the local-oscillator coil, it 
is very simple to modify the circuit of Fig.1 for variable- 
capacitance diode tuning. The modifications are shown in 


Vp 
(4,5V) 
100 ko 4 822 


‘é BC558 


OV 
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Fig.14. A circuit board layout for the modified receiver and 
a photograph of a complete laboratory model are shown in 
Fig.15. 


pin 5 


TDA7000 


(Fig. 1) 


pin 6 


pin 16 
7Z90196 


Fig.14 Variable-capacitance diode tuning for the local-oscillator. Additonal measures must be taken to ensure temperature stability 
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Fig.15 Circuit board layout and complete model of a TDA7000 radio with variable-capacitance diode tuning. This is the same pcb 
as shown in Fig.12 


Narrow-band f.m. receiver 


The TDA7000 can also be used for reception of narrow- 
band f.m. signals. In this case, the local-oscillator is crystal- 
controlled as shown in Fig.16 and there is therefore hardly 
any compression of the i.f. swing by the FLL. The devia- 
tion of the transmitted carrier frequency due to modula- 
tion must therefore be limited to prevent severe distortion 
of the demodulated audio signal. 

The component values in Fig.16 result in an if. of 
4.5 kHz and an i.f. bandwidth of 5 kHz (Fig.17). If the if. 


is multiplied by N, the values of capacitors C17 and C1 in 
the all-pass filters and the values of filter capacitors C7, Cg, 
C10, C11, and C12 must be multiplied by 1/N. For improved 
if. selectivity to achieve greater adjacent channel attenua- 
tion, second-order networks can be used in place of CjQ 
and C11. 

In this circuit the detuning noise generator is not used. 
Since the circuit is mainly for reception of audio signals, the 
audio output must be passed through a low-pass Chebyshev 
filter to suppress i.f. harmonics. 
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r.f. input 
+4,5V ci 
C18 C17 C16 C23 C12 100 nF 
3,9 nF 4,7 nF 4,7 uF z 220 pF 3,3 nF C10 
3 C14 
220 pF 4,7 nF 


TDA7000 
(see Fig. 1) 


.f, output 4 
a I 
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Fig.16 A narrow-band f.m. receiver with a crystal-controlled local-oscillator 
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0 5 . 10 16 


f (kHz) 2° 
Fig.17 1.F. selectivity for the narrow-band f.m. receiver 


+3V 


662 
@ 


earpiece 

— Enon 
AUDIO AMPLIFIER AND DETUNING ee cenasce 
INDICATOR CIRCUITS _ | | 
Audio output stages suitable for use with the TDA7000 are 1) these components replace R2 and C2 in Fig. 1 7290201 
shown in Fig.18 and 19. Figure 20 shows how the muting Fig.18 A 0.4 mW transistor audio output stage without _ 
signal can be used to operate a LED to give an indication of volume control for driving an earpiece 
detuning. | 
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5 


to pin 6 222 mS 
TDA7000 — 220 pF = TDAIO11A Co 
cr A 220 pF 
Va * 
- Lael 
ad 


TOA7000 82 


1 
§6k2 100nF 


1) j 22k2 oiue 
nF 
a 7290203 
1) these components replace C2 and R2 in Fig. 1 Py = 250 mW, d= 10% 
quiescent current = 8 mA 
Fig.19 An integrated 250 mW audio output stage 
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INTRODUCTION 

Today's cordless telephone sets make 
use of duplex communication with carri- 
er frequencies of about 1.7MHz and 
49MHz. | 

- In the base unit incoming 
telephone information is 
frequency-modulated on a 1.7MHz 
carrier. | 

- This 1.7MHz signal is radiated via 
the AC-mains line of the base 
unit. 

- The remote unit receives this 
signal via a ferrite bar antenna. 

- The remote unit transmits at 
49MHz via a telescopic antenna 
the call-signals and speech- 
information from the user. 

- The base unit receives this 
49MHz FM-modulated signal via a 
telescopic aerial. 


A Today's Remote Unit 
Receiver 

In cordless telephone sets which are 
used today, a normal superheterodyne 
receiver is used for the 1.7MHz handset. 
The suppression of the adjacent channel 
at e.g. 30kKHz must be 50db and the 
bandwidth of the channel must be 6- 
10kHz for good reception. Therefore an 
i.f.-frequency of 455kHz is chosen. Since 
at this frequency there are ceramic filters 
with a bandwidth of 9kHz (AM-filters), 
the 1.7MHz is mixed down to 455kHz 
with an oscillator frequency of 
2.155MHz. Now there is an image recep- 
tion at 2.61MHz. To suppress this image 
sufficiently, there must be at least two 
RF filter-sections at the input of the 
receiver. 


The ceramic IF-filter with its subharmon- 
ics is bad for far-off-selectivity, so there 
must be an extra LC-filter added be- 
tween mixer output and the ceramic 
filter. 


After the selectivity there is a hard-limiter 
for agc-function and suppression of AM. 


Then there is an FM-detector which 
must be accurate, because it must de- 
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Figure 1. Remote-unit Receiver: 1.7MHz 


tect a swing of +2.5kHz at 455kHz; 
hence it must be tuned. 


Figure 1 shows the block diagram which 
fulfills this principal. The total numbers of 
alignment points of this receiver is then 
a: 

2 RF-filter 

1 Oscillator 

1 IF-filter 

1 FM-detector 


5 Alignments 


A Remote Unit Receiver With 
TDA7000 

The remote unit receiver, see Figure 2, 
has as main component the IC 
TDA7000, which contains mixer, oscilla- 
tor, i.f. amplifiers and demodulator (and 
squelch functions). 


To avoid expensive filtering (and expen- 
sive filter-adjustments) in RF, IF and 
demodulator stages, the TDA7000 
mixes the incoming signal to such a low 
IF-frequency, that filtering can be real- 
ized by active RC-filters, of which the 
active part and the R's are integrated. 


To select the incoming frequency, only 
one tuned circuit is necessary: the oscil- 
lator tank circuit. The frequency of this 
circuit can be set by a crystal. 


IMAGE RECEPTION 

For today's concept there are a lot of 
expensive components necessary to 
suppress the image sufficiently. The 
suppression of the image is very impor- 
tant because the signal at the image can 


be much larger than the wanted signal 
and there is no correlation between the 
image and the wanted signal. 


In a concept with 455kHz i.f. frequency, 
the 1.7MHz receiver has image recep- 
tion at 2.155MHz. In the TDA7000 re- 
ceiver the i.f. frequency is chosen to be 
at 5kHz. Then the 1.7MHz receiver (with 
1.695MHz oscillator frequency) has im- 
age reception at 1.69MHz, which is at 
10kHz from the required frequency, see 
Figure 3. 


An \F-frequency of 5kHz has been 
chosen as: 

- this frequency is so low, there 
will be no neighboring-channel 
reception at the image frequency. 

- this frequency is not that low that 
at maximum deviation (maximum 
modulation) distortion could occur 
(folding distortion, caused by the 
higher order bessel functions) 

~ this frequency gives the 
opportunity to obtain the required 
neighboring-channel-suppression 
with minimum components in the 
IF-selectivity. 


CIRCUIT DESCRIPTION 

(see Figure 2) 

When a remote unit is at ''Power on" in 
the ''Stand-by''-position, it is ready to 
receive a ''Bell-signal''. A bell-signal- 
coming through the telephone line will 
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set the base unit in the mode of transmitting a 
1.7MHz signal, modulated with e.g. 0.75kHz 
with +3kHz deviation. 


The ferrite-antenna of the remote unit re- 
ceives this signal and feeds it to the mixer, 
where it is converted into a 5kHz IF signal. 


Before the RF signal enters the mixer (at pins 
13 and 14) it passes RF-selectivity, taking 
care of good suppression of unwanted sig- 
nals from e.g. tv- or radiobroadcast frequen- 
cies. The IF signal from the mixer output 
passes IF selectivity (pins 7 to 12) and the IF 


amplifier/limiter (pin 15), from which the out- 
put is supplied to a quadrature demodulator 
(pin 17). Due to the low IF frequency, cheap 
capacitors can be used for both IF-selectivity 
and the phase-shift for the quadrature de- 
modulator. 


The A.F.-output of the demodulator (pin 4) is 
fed to the AF. filter and A.F. amplifier NE 
5535. 


The RF Input Circuit 
As the image reception is an in-channel 
problem, solved by the choice of IF-frequency 
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and |F-selectivity, the RF input filter is only 
required for stopband selectivity (a far-off 
selectivity to suppress unwanted large signals 
from e.g. Radio-Broadcast transmitters). 


In a remote unit receiver at 1.7MHz, this filter 
is at the ferrite-rod. Figure 4 shows the 
bandpass behavior of such a filter at 1.7MHz. 


RF-filter at 46MHz: see Appendix 


Pre-stage at 46MHz: see Appendix 


The Mixer 

The mixer conversion gain depends on the 
level of the oscillator voltage as shown in 
Figure 5; so the required oscillator voltage at 
pin 6 is 200mV rms. 


The Oscillator 

To obtain the required frequency stability in a 
cordless telephone set, where adjacent chan- 
nels are at 20 or 30kHz, crystal oscillators are 
common used. 


The crystal oscillator circuits usable for this 
kind of application always need an LC-tuned 
resonant circuit to suppress the other modes 
of the crystal. In this type of oscillator (see as 
an example Figure 6) the crystal is in the 
feedback line of the oscillator-amplifier. Inte- 
gration of such an amplifier should give a 2- 
pin oscillator. 


The TDA 7000 contains a one-pin oscillator. 
An amplifier with current output develops a 
voltage across the load impedance. 
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Figure 5. Relative Mixer Conversion Gain 


Figure 6 
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Voltage feedback is internal to the IC. 


To obtain a crystal oscillator with the TDA 
7000 one-pin concept, a parallel circuit con- 
figuration as shown in Figure 7 has to be 
used. 


Explanation of this circuit: 
a. Without the parallel resistor Rp.. 
Figure 8 shows the relevant part of the 
. equivalent circuit. There are three fre- 
quencies where the circuit is in reso- 
nance (see Figure 9, and the frequency 
response for "impedance" and "'phase"’, 
shown in Figure 10). The real part of the 
highest possible oscillation frequency 
dominates; and, as there is also a zero 
crossing of the imaginary part, this high- 
est frequency will be the oscillator fre- 
quency. However this frequency fpar., is 
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not crystal controlled; it is the LC-oscilla- 
tion, in which the parasitic capacitance of 
the crystal contributes. 

b. With parallel resistor Rp. 

' The frequency response (in ''amplitude" 
and ''phase"’) of the oscillator circuit of 
Figure 7 with Apis given in Figure 11. As 
the resistor value of Rp is large related to 
the value of the X-tal series resistance 
Ri or R3 the influence of Rp at x-tal 
resonances is negligible. So, at x-tal res- 
onance (see Figure 9b), R3 causes a 
circuit damping R=1/w **2. R3. 
C1**2+R3 (1 + C2/C1)**2 


However at the higher LC-oscillation frequen- 
Cy fpar (see Figure 9c), Rp reduces the circuit 
impedance Ro to (Ro*R damping)/Ro + R 
damping) = Rc, where Rdamping = 1/w**2. 
Rp.C1**2 + Rp (1 + C2/C1)**2. 


Thus a damping resistor parallel to the crystal 
(Fig. 7), damps the parasitic LC-oscillation at 
the highest frequency. (Moreover the imagi- 
nary part of the impedance at this frequency 
shows. incorrect zero-crossing). 


Taking care that Rp > Rseries, the resistor is 
too large to have influence on the crystal- 
resonances. Then with the impedance Rc at 
the parasitic resonance lower than R at x-tal- 
resonance, oscillation will only take place at 
the required x-tal-frequency, where imped- 
ance is maximum and phase is correct (In this 
example at third-overtone resonance). 


Remarks: 

a. For application in cheap sets, operating 
at 1.7MHz, the application of an LC-tuned 
oscillator circuit has been described in 
appendix 5.3. 

b. It is advised to avoid inductive or capaci- 
tive coupling of the oscillator tank circuit 
with the RF-input circuit by careful posi- 
tioning of the components for these cir- 
cuits and by avoiding common supply or 
ground connections. 


The IF-amplifier 


The Selectivity 

Normal selectivity in the TDA7000 is a 4th 
order low-pass and a ist order high-pass 
filter. This selectivity can be split up in a 
Sallen and Key section (pins 7, 8, 9), a 
bandpass filter (pins 10, 11) and a 1st order 
lowpass filter (pin 12). 


Some possibilities for obtaining required se- 

lectivity are given: 

a. In the basic application circuit, Figure 

12a, the total filter has a bandwidth of 
7kHz and gives a selectivity at 25kHz IF- 
frequency of 42dB. 
In this filter the lower limit of the pass- 
band is determined by the value of C4 at 
pin 11, where C3 at pin 10 determines 
the upper limit of the bandpass filter 
section (see Ref. 1). 
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b. To obtain a higher selectivity, there is the 
possibility to add a coil in series with the 
capacitor between pins 11 and ground. 
The so obtained 5th order filter has a 
selectivity at 25kHz of 57dB, (see Figure 
12b). 

c. If this selectivity is still too small, there is 
a possibility to increase the 25kHz selec- 
tivity to 65dB by adding a coil in series 
with the capacitor at pin 11 to ground. in 
this application, where at 5kHz IF-fre- 
quency an adjacent channel at -30kHz 
will cause a (30-5) = 25kHz interfering 
IF-frequency, the pole of the last men- 
tioned LC-filter (trap-function) is at 
25kHz, (see Figure 12c). 


For cordless telephone sets with channels at 
15kHz distance, the filter characteristics are 
optimum as shown in the curves in Figure 13 
in which case the filters are dimensioned for 
5kHz IF-bandwidth (instead of 7kHz). So for 
this small channel-distance application the 
required selectivity is obtained a.o. by reduc- 
ing the IF-bandwidth; this at the cost of up to 
2dB loss in sensitivity. (Note: At 5kHz IF- 
frequency adjacent channels at + 15kHz give 
undesired IF-frequencies of 20kHz and 10kHz 
resp.). 


The Limiter/Amplifier 
The high gain of the limiter/amplifier provides 
a.v.c. action and effective suppression of 
a.m.-modulation. D.C.-feedback of the limiter 
is decoupled at pin 15. 


The Signal-demodulator 

The signal-demodulator is a quadrature-de- 
modulator driven by the IF-signal from the 
limiter and by a phase-shifted IF-signal de- 
rived from an all-pass-filter, (see Figure 14). 


This filter has a capacitor connected at pin 
17, which fixes the IF-frequency, being that 
frequency where 90 degrees phase shift 
takes care for the center position in the 
demodulator output characteristics (see Fig- 
ure 15, showing the demodulator output (at 
pin 4) as a function of the frequency, at 1mV 
input signal). 


The A.F. Output Stage 

The signal demodulator output is available at 
pin 4, where a capacitor C serves for elimina- 
tion of IF-harmonics. This capacitor also influ- 
ences the audio-frequency response. Appen- 
dix 5.4 gives more information about the use 
of an extra a.f.-output stage. The output from 
this stage, available at pin 2, has an audio- 
frequency response as shown in Figure 16, 
curve a. The output at pin 2 can be muted 
(see Appendix 5.5). 


Output Signal Filtering 

Output signal filtering is required to suppress 
the IF harmonics and interference products of 
these harmonics with the higher order bessel 
components of the modulation. Active filter- 
ing with operational amplifiers have been 
used (see Figure 17). The frequency re- 
sponse of such a filter is given in Figure 16, 
curve b, for an active second order filter with 
an additional passive RC-filter. 


Output Amplification 

The dimensioning of the operational amplifier 
of Fig. 17-a results in no amplification of the 
a.f. signal. In case amplification of this opamp 
is required, a feedback resistor and an RC- 
filter at the reverse input can be added (see 
Figure 17b, for about 30dB amplification). 


MEASUREMENTS 

For sensitivity, signal-handling and noise be- 
havior information in a standard application 
as shown in Figure 18, the signal and noise 
output as a function of input signal has been 
measured at 1.7MHz, at 400Hz modulation 
where the deviation is +2.5kHz (see Figure 
19). As a result the S+N/N ratio is as given in 
Figure 19, curve 3. 


APPENDIX | 
RF-tuned Input Circuit at 46MHz 


In Figure 20 a filter is given which matches at 
46MHz a 75 ohm aerial to the input of the 
TDA7000. Extra suppression of RF-frequen- 
cies outside the passband has been obtained 
by a trapfunction. 
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RF-Pre-Stage at 46MHz 

For better quality receivers at 46MHz an RF- 
pre-stage can be added, see Figure 21, such 
to improve the noise figure. Without this 
transistor a noise figure F = 11dB was found. 
With a transistor (BFY 90) with RC-coupling 
at 3mA F = 7dB or at 6mA F = 6cB. 


With a transistor stage having an LC-tuned 
circuit one can obtain F = 7dB at | = 0.3mA. 
(Note: The noise figure includes image- 
noise). 


An LC-oscillator at 1.7MHz 

An LC-oscillator can be designed with or 
without AFC. If for better stability external 
AFC is required, one can make use of the 
d.c.-output of the signal demodulator, which 
delivers 80mV/kHz at a d.c.-level of 0.65V to 
+supply. An LC-oscillator as shown in Figure 
22a, using a capacitor with a temperature 
coefficient of -150ppm, gives an oscillator 
signal of 190mV, with a temperature stability 
of 1kHz/50 degrees. 


With the use of AFC, as shown in Figure 22b, 
one can further improve the stability, as such 
AFC reduces the influence of frequency- 
changes in the transmitter (due to temp. 
influence or aging). The given circuit gives a 
factor 2 reduction. Note that the temperature 
behavior of the AFC-diode has to be compen- 
sated. In Figure 22b, with BB405B having a 
capacitance of 18pF at the reverse voltage 
V4 =0.7 Volt, the temp. coefficient of the 
capacitor C has to be —200ppm. 


A.F.-output Possibilities 

The a.f.-output from the signal demodulator, 
available at pin 4, depends on the slope of 
the demodulator as shown in Figure 15. The 
TDA7000 A.F. output is also available at pin 2 
(see Figure 23). The important difference 
between the output at pin 2 and the output at 
pin 4 is that the pin 4 output is amplified and 
limited before it is led to pin 2 (see Figure 24). 
Moreover the pin 2 output is controlled by the 
mute function; a mute which operates in case 
the received signal is bad as far as noise and 
distortion is concerned (see chapter 5.5). 


The pin 2 output delivers a higher a.f. signal; 
however the a.f. output spectrum shows more 
mixing products between i.f.-harmonics and 
modulation-frequency-harmonics. This is due 
to the “limited output situation” at pin 2. In 
narrow band application with relative large 
deviation these products are so high, that 
extra a.f. output filtering is required and more- 
over the if-center frequency has to be higher 
compared with the concept, using a.f. output 
at pin 4. 


So for those sets where the mute/squelch 
function of the TDA7000 is not used, and the 
higher a.f. output is not required, the use of 
the a.f. output at pin 4 is advised, giving less 
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interfering products and simplified a.f.-output 
filtering. — | 


Squelich And Squelch Indication 
The _TDA7000 contains a mute function, con- 
trolled by a "waveform correlator'’, based on 
the exactness of the IF-frequency. 


The correlation circuit uses the i.f. frequency 
and an inverted version of it, which is delayed 
(phase shifted) by half the period of nominal 
i.f. The phase shift depends on the value of 
the capacitor at pin 18 (see Figure 23). 


This mute also operates at low field strength- 
levels, where the noise in the IF-signal 
means: bad-signal definition. (The correlation 
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Figure 9 


between i.f. signal and the inverted phase 
shifted version is small due to fluctuations 
caused by noise; see Figure 25). This field 
strength-dependent mute behavior is shown 
in Fig. 26, curve 2, measured at full-mute 
operation. The a.f.-output is not ''fast- 
switched'' by the mute function, but there is a 
"progressive-(soft-muting-) switch''. This 
soft-muting reduces the audio-output signal at 
low field strength levels, without degradation 
of the audio output signal under these condi- 
tions. 


The capacitor C1 at pin 1 (see Figure 23) 
determines the time constant for the mute 
action. _ 
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Part-operation of the mute is also a possibility 
(as shown by curve 3, Figure 26) by circuiting 
a resistor in parallel with the mute capacitor 
at pin 1. 


In Figure 26 the small signal behavior with 
the mute disabled has been given, too (see 
curve 1). | 


One can make use of the mute output signal, 
available at pin 1, to indicate squelch situation 
by a LED (see Figure 27). Operation of the 
mute by means of an external d.c.-voltage 
(see Figure 28) is also possible. 
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a. One Pin XTAL Oscillator 


ONE PIN XTAL OSCALLATOR 


b. One Pin XTAL Oscillator 
Figure 10 


Bell-signal Operation 

To avoid tone decoder filters and tone decod- 
er rectifiers for Bell-signal transmission, use 
can be made of the mute information in the 
TDA7000 to obtain a bell-signal without the 
transmission of a bell-pilot-signal. 


With a handset receiver as shown in Figure 
23 in the ''Stand-by" position, the high mute 
output level keeps via transistor T1 amplifier 1 
out of operation. This situation remains until a 
correct IF-frequency is obtained. This situa- 
tion appears at the moment that a Bell-signal 
switches the base-unit in transmission mode. 


If the transmitted field strength is high enough 
to be received above a certain noise level, 
the mute level output goes down; T1 will be 
closed and the amplifier 1 starts operating. 
However due to feedback this amplifier starts 
oscillating at a low frequency (a frequency, 
dependent on the filter concept). This low- 
frequent signal serves for bell-signal informa- 
tion at the loudspeaker. - 


Switching the handset to ''Talk''-position will 
stop the oscillation. Then the amplifier 1 
serves to amplify normal speech information. 


Mute at Dialing 

During dial-operation the key-pulser IC deliv- 
ers a mute voltage. This voltage can be used 
to mute the A.F.-amplifier e.g. via T1 of the 
bell-signal circuit/amplifier (see Figure 23). 


CONCLUSIONS 

The application of the TDA7000 in the remote 
unit (hand set) as narrow band FM-receiver is 
very attractive, as the TDA7000 reduces 
assembly and post-production alignment 
costs. The only tunable circuit is the oscillator 
circuit, which can be a simple x-tal controlled 
tank circuit. 


A TDA7000 with: 

~ 5th order i.f. filter 

- 3rd order a.f. output filter 

= matched input circuit 

- crystal-oscillator tank circuit 

- disabled mute circuit 
gives in cordless telephone application at 
1.7MHz a sensitivity of 2.5uV for 20dB signal 
to noise ratio, at adjacent channel selectivity 
of 40dB (at 15kHz). 


The TDA7000 circuit is: 
- without an R.F. pre-stage 
- without R.F. tuned circuits 
- without oscillator transistor (and its 
components) 
- without LC or ceramic filters in |.F. 
and demodulator. 


For improved performance the TDA7000 cir- 


- Cuit can be expanded 
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ONE PIN XTAL COOCRLATOR (R = @, 280, 68) 


a. One Pin XTAL Oscillator 
(R=, 250, 60) 


ONE PIN XTAL COBCELLATOR (R = «, 280, 60) 


b. One Pin XTAL Oscillator 
(R =, 250, 60) 


Figure 11 


- with an R.F. pre-stage and R.F. 
selectivity os 

- with higher order. |.F. filtering 

- with mute/squeich function 


For reduced performance the TDA7000 cir- 
cuit can be simplified 
=- to LC tuned oscillator 
= to lower-order I.F. filter 
- to Bell-signal operation without pilot 
transmission. 
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Figure 13 


TO CORRELATOR 


With Ro = 0. 
o= -2 tan, wRyC 47 
for ¢ = -90°C, Cy7 = ————— = 4.1nF for fig = SkHz. 
wRiY/ _4 
Rg 
To improve the performance of the all-pass filter with the amplitude limited i.f. waveform, Ro has been 
added. Since this influences the phase angle, the value of C17 must be increased by 13% i.e. to 4.7nF. 


Figure 14. F.M. Demodulator Phase Shift Circuit (All-pass Filter) 
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Figure 19 
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Figure 21 
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Figure 23. Remote-unit Receiver: 1.7MHz 
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Figure 24. Demodulator Characteristics 
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Figure 25. Function Of The Correlation Muting System 
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INTRODUCTION 

As a successor of the current integrated 
circuits TCA440 and NE555 for receiving 
infra red remote controlled signals a new 
integrated circuit has been developed. 


In comparison with the TCA440-NE555 
combination this IC is aimed to have a 
higher replacement value and improved 
performance. The TDA3048 is equal to 
the TDA3047 except for the polarity of 
the output signal. 


GENERAL DESIGN 
CONSIDERATIONS 

The target of this development is to 
make a receiver integrated circuit for 
infra red remote controlled signals which 
functions optimally in a narrow band 
application. 


This integrated circuit shall have the 
following advantages in comparison with 
the present TCA440-NE555 combina- 
tion: 
- A higher replacement value 
- A considerable saving of the 
current consumption 
- An improvement of the 
specification (less spread) 
- Less periphery and no adjustment 
points 
- Total spread on pulse widening 
< 10% by a standard RC-5 
signal. 


Besides the IC is also suitable to be 
used in a RC-5 extended receiver and in 
a wide band receiver. 


A standard bipolar process with single 
layer interconnect and without collector 
wall has been used. 


Due to the low currents a collector wall 
is not necessary. 


REFERENCE 
TI 


FUNCTIONAL DESCRIPTION OF 
THE BLOCK PARTS | 

Block diagram. 

Figure 1 shows the block diagram of the 
TDA3047 and TDA3048. 


Amplifier 

The input signal is amplified by the gain- 
controlled amplifier. The output signal of 
the amplifier is fed to the synchronous 
demodulator inputs and to the reference 
amplifier. 


Reference Amplifier 

The reference amplifier amplifies and 
limits the input signal. The output signal 
of this amplifier is fed to the synchro- 
nous demodulator. 


Synchronous Demodulator 

In the synchronous demodulator the in- 
put signal and reference signal are multi- 
plied. The output signal of the demodula- 


tor is fed to the input of a pulse-shaper 


circuit and to the input of the AGC 
Circuit. 


ee 
ee 


SYNCH. 
DEMODULATOR 


A.G.C. 
DETECTOR 


PULSE— OUTPUT 
SHAPER BUFFER 


Q-KILLING 
INPUT 
LIMITER 


Figure 1. Block Diagram Of The TDA 3047/3048 
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FUNCTIONAL DESCRIPTION 
(Continued) 


AGC Circuit 

The output signal of the synchronous demod- 
ulator is fed to the AGC circuit. The top level 
of the signal is detected by the AGC detector. 
Noise pulses are integrated by an internal 
capacitor. The output signal from the AGC 
detector is amplified and supplied to the first 
and second stage of the amplifier and to the 
Q killing circuit. 


Pulse-shaper Circuit 
The output of the synchronous demodulator 
is also fed to the pulse-shaper circuit. The 


slicing level of the pulse-shaper is lower than 
the slicing level of the AGC detector. 


The output of the pulse-shaper is fed to the 
output buffer. 


Output Buffer 

The output buffer gives for the TDA3047 an 
active high level and for the TDA3048 an 
active low level on the output pin. To obtain a 
correct RC-5 code a hysteresis circuit pro- 
tects the output against spikes. 


Q Killing Circuit 

In the narrow band application it is necessary 
to degenerate the Q of the input selectivity 
particularly when large signals occur at the 
input. 


TDA 3047/3048 


16| 15] 14] 13/12] 11] 10[ 9) 


The output of the Q killing circuit can be 
directly coupled to the input. 


input Voltage Limiter 

In the narrow band application high voltage 
peaks can occur on the input selectivity. The 
input limiter limits these voltage peaks to 
about 0.7 Volts. 


APPLICATION 

The narrow band application diagram has 
been given in Figure 2 and a lower perfor- 
mance wide band application diagram in 
Figure 3. 


Vs = 5.0 VOLT 


DATA OUT 


TC01380S 


Figure 2. Narrow Band Application Diagram Of The TDA 3047/3048 
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Figure 3. Wide Band Application Diagram Of The TDA 3047/3048 
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INTRODUCTION 
The monolithic integrated bipolar circuits 
TDA3047 and TDA3048 are amplifiers 
intended for use in infra-red remote 
control systems. Both circuits are excel- 
lent and applicable as narrow band am- 
plifiers, especially for those types of 
remote control concepts which use the 
modulated transmission technique. Un- 
der certain conditions both IC's are also 
applicable as broadband amplifiers. The 
only difference between the IC's is po- 
larity of the output signal. This type of IR 
amplifier offers the following advan- 
tages: 
- Low power consumption, typically 
10.5mV 
- Gain controlled amplification, 
control range 66dB 
- High amplification factor, 
ensures a long range 
- Great stability in signal handling 
- Demodulation via a synchronous 
demodulator 
- Automatic limitation of large input 
signals, 600mV 


> 80cB, 
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- Independent of large input - 
amplitude variations with a Q-killer 

- Applicable as narrow or 
broadband amplifier 


This circuit proves to be a reliable device 
with regard to interference from other IR 
sources such as light bulbs, etc. 


The automatic gain control (A.G.C.) en- 
sures very good stability in amplification 
of large or low input signals, which 
correspond to short or long distances 
from transmitter to receiver. 


FUNCTIONAL DESCRIPTION 

The functional block diagram is shown in 
Figure 1. The input signal is applied to 
the gain controlled multi-stage differen- 
tial pre-amplifier, capacitively coupled 
via Co and C3. The capacitors C, and Cs 
stabilize the differential pre-amplifier. 
Hereafter the signal is fed to a synchro- 
nous demodulator and the reference 
amplifier, which limits the input signal. 
After multiplication of the input and refer- 
ence signal by the demodulator, the 


REFERENCE 
{ar sae 


seme, 
H seme, AMPLIFIER 


js eae 
DEMODULATOR 


& Q-FACTOR ' 
KILLER 


INPUT 
LIMITER 


Figure 1 
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_ signal is applied to a pulse shaper, 


whose time constant is controlled by Cg. 
The same signal is also used for the 
feed back loop, resulting in an automatic 
gain control defined by the amplitude of 
the input signal. The A.G.C. acquisition 
time is set by C7. The Q-killer limits the 
amplification of the tuned input circuit in 
conjunction with input amplitude. In this 
way the behavior of this device on large 
amplitude variations ensures a great sta- 
bility in the signal handling. A maximum 
input limitation is achieved via the ampli- 
tude limiter, typically activated by a 
600mvV input signal. 


The differential pre-amplifier has in prin- 
ciple two stages, as shown in Figure 2. 
Each stage is stabilized via an external 
feedback capacitor. Both define the low- 
er boundary of the frequency, with the 
greatest influence from C, because 
stage 1 has the highest gain. Both ca- 
pacitors should be specified so that 
interference from low frequencies is sup- 
pressed. For instance, bulbs radiate in- 
fra-red frequencies at (n)(100HZz). 


TDA3047 


BD01420S 
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Figure 2 


fo = 36kHz 


TDA3047 


(TDA3048) 
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Figure 3 


7C01530S 


Figure 4 


The highest boundary in frequency of this 
amplifier is greater than 1MHz and is given by 
the internal capacitance of this device. 


IR AMPLIFIER 

For remote control systems two different 
types of amplifiers are available. Both are 
described in the following sections. 


Narrow Band Amplifier 

The diagram of Figure 3 shows the 
TDA3047/48 in such an application. Pin 15, 
one of the differential inputs, is grounded for 
AC, while the second input, pin 2, is connect- 
ed to the tuned input circuit via a capacitor of 
0.056uF. The input voltage is taken with a 
transformer ratio N = 1:3. Direct coupling to 
the top will only lower the quality Q factor of 
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the tuned input circuit, due to the relatively 
low input resistor Riy of the IC. 


The selectivity is obtained with the tuned 
input circuit and strongly reduces IR interfer- 
ences. The effect of direct IR radiation is also 
avoided. Due to the low-ohmic resistance of 
the coil, the IR-receiving diode will never 
become saturated. The center frequency of 
the input tank must be equal to the modula- 
tion frequency of the transmitter used. 


For this frequency (f,) the input tank has a 
high impedance. Small variations of the cur- 
rent of the IR receiving diode at (f,) result 
directly in large input signals. 


This frequency (fp) is equal to 37.5KHZ for the 
SAA3004 transmitting chip. The R.C. combi- 
nation of 47 ohms and .33yuF suppresses the 
unwanted current variations caused by the 
supply line. 


The Q of the tuned input circuit is practically 
defined by the transformer ratio and the input 
resistor Rix of the IC. The effect of Riy to the 
quality Q, of the coil is negligible, because 
Rin is relatively low (typically 16K ohms). 


The transformer ratio must be adjusted for 
small signals, so that the range is hardly 
influenced by component spread and/or tol- 
erances in frequency at both sides in the 
system. The Q can be calculated from 


Ewe 


Ly 
where R,; is the ohmic resistance of the coil 
and the parallel resistor Rp =n? Rint. 


With the component values shown in Figure 4 
and a given Ri;y=125 ohms, Rin = 16K 
ohms, the factor Q is calculated as Q = 13. 
The bandwidth is now known from 


Af = ae = 2.9kHz 

Q 
The transformer ratio can also be realized 
with two capacitors in series, as shown in 
Figure 4, where the total capacity is equal to 
the required one. 
The ratio is n wie Dib 

Cb 

With values of: Cy, = 2.2nF, Cip = 560pF and 
Ly = 40mH, about the same input quality will 
be obtained. 


The A.G.C. acquisition time and the time 
constant of the pulse shaper are defined by 
the capacitors C7 and Cg respectively. The 
time constant at pin 12 equals the length of a 
received data bit and Cg delays the pulse 
shaper output to the output stage. 


The Q, of the tuned circuit of the synchro- 
nous demodulator is practically given by the 
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1K > 10nF 


DATA 
OUTPUT 


TCO1540S 


Figure 5 


internal resistance Rijo between the pins 7 
and 10 and is calculated from 


VE. Ve 
Lo Fine 
with 12 ohms for RL2 and 5K io for Rin, 
Qs ~ 7. The quality Q, is continuously limited. 
With a relatively high value for Qg,, the acquisi- 
‘tion time will be increased and this will delay 
the pulse edges. By amplification of ''bi- 
phase'' modulated signals, disturbances 
could occur in the decoding. For correct 
decoding of ''biphase'’ coded data, a nearly 
exact position of the pulse edges is required. 


Broadband Amplifier 

The application as broadband amplifier is 
shown in Figure 5. The IR-receiving diode is 
now positioned between both differential in- 
puts, while the series resistors of 12K ohms 
are the work resistors. The Q-killer and Ampli- 
tude Limiter do not have any function here 
and are not used. Aliso the resonance fre- 
quency (f.) of the tuned demodulator circuit 
equals the modulation frequency of the re- 
mote transmitter. 

The charge current to capacitor Cg equals to 


where At is the charge time and A VC,g is the 
voltage increment. !Cg is generated by an 
internal current source. 


The voltage increment at Cg is proportional to 
At, with ICg constant and expressed as 
(Icg)(At) 

Cg | 
The pulse width At of the demodulated signal 


must be large enough that VCg exceeds the 
threshold voltage of the pulse shaper. 


AVcp = 
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Given the format of the received data, Cg will 
have different values 


Pulse Width Cg 
SAA3004 2.2nF 


A 2.2nF capacitor in the SAA3004 remote 
control system is an optimum one. 


The SAA3004 used in unmodulated mode 
has a pulse width of 8.8usec. Cg must have a 
low value so that the threshold voltage of the 
pulse shaper is exceeded. On the other hand, 
if Cg becomes too small, interference pulses 
will easily trigger the pulse shaper. The selec- 
tion of Cg is a compromise between the 
sensitivity of the amplifier and the immunity 
against interference. Such a compromise is a 
2.2nF capacitor for the unmodulated mode of 
the SAA3004, including the tolerances of the 
internal current sources. Given the technolo- 
gy, small tolerances are not possible. 


8.8usec 


Correct operation can not be guaranteed for 
the combination of a small pulse width 
(8.8usec.) and a low source current. Howev- 
er, practical tests did show that correct opera- 
tion of the SAA3004, in the unmodulated 
mode in combination with this type of pream- 
plifier, can be realized. 


CONSIDERATIONS FOR 
AMPLIFIER SELECTION 


The narrow or broadband application is de- 
fined by the following points: 
- Modulation mode of the transmitter 
- Requirements for the reach in 
distance | 
- Reliability (insensitivity to interference) 
- Price-attractive total remote control 
system 


Either modulated or unmodulated data trans- 
mission is possible with the SAA3004. 
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In the unmodulated mode of the SAA3004, 
the logic representation of the data word is 
defined by the time intervals between the 
generated output pulses, each of 8.8usec 
width. In the modulated output mode each 
active output stage has a burst of 6 clock 
periods. 


The ground wave of this output, with a 
frequency of 38kHZ, contains the IR power 
generated. 


The greatest sensitivity is realized with a 
narrow band amplifier, whose tuned input 
circuit is selected for this ground wave fre- 
quency. 


In the unmodulated transmission mode, the 

single output pulse represents a continuous 

frequency spectrum, in which the generated 

IR power is divided. A broadband amplifier is | 
then required. 


The greatest range, with constant current 
through the IR transmission diode(s), will be 
obtained with a narrow band amplifier, be- 
cause the signal-to-noise ratio is the largest 
value. 


When IR interference is absent, the combina- 
tion of modulated transmission mode and the 
narrow band amplifier is the most preferable. 
With lower requirements for the reliability, 
less range etc., the broadband amplifier is the 
most effective solution for both types of 
modulation modes. 


RANGE 

To give some idea what range can be ex- 
pected, a number of measurements are made 
with the remote transmitters SAA3004. 


With Various IR Output Powers 
Transmitter SAA3004 drives 1 IR-transmitting 
diode with a peak current IC=2A. In the 
modulated mode, the power product per bit 
equals 

(m) (IF) (Nn) (tp) 
where m = number of diodes, n = number of 
pulses per bit, and tp = pulse width. 


The power product for each bit is: 
~ Modulated mode (m) (IF) (Nn) (tp) = (1) 
(2) (6) (8.8) = 106=myA sec 
- Unmodulated mode (m) (Ie) (n) 
(tp) = (1) (2) (1) (8.8) = 18=myA sec 


This power product is proportional to the 
generated IR power. Table 1 indicates the 
results of the measurements. Optic lenses 
will increase the distances about 10%. 


With Equal Output Power 
These measurements are done with one 
transmitting diode for each transmitter type 
and the power product/bit constant at 
18=mpA sec. Table 2 is comprised of the 
results from these measurements. 
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Table 1. Distance Reach with Various Power Products 


SAA3004 


ae Modulated Unmodulated 


Cg = 4.7nF 


Broad band 
Ces = 2.2nF. 


Table 2. Distance Reach with Constant Power Product of 18yA 
sec. 


SAA3004 
Modulated Unmodulated 


time tim 
ee ee 


Table 3. Application Possibilities 


SAA3004 
Unmodulated Modulated 


Narrow band No sense; no selectivity | Great distance reach, high se- 
lectivity, reliable 
Broad band Function only possible 


with small width output 
pulse; less reliable 
Results of the Measurements 
The results of the measurements can be 
summarized as follows: 
a. Only the combinations ''modulated and ©: 
narrowband amplifier’ are reasonable. 


Narrow band 
Cg = 4.7nNF 


Broad band 
Cg = 2.2nF 


Low reach, low selectivity; inter- 
ference. 


b. With the peak current I through one IR- 
transmitting diode, the range with one IR 
diode is limited. 

A maximum range is obtained using the 
modulated mode of data transmitting, but 
the loss of power in the transmitter is of 
subordinate importance. 


9-117 


Application Note 


AN173 


POWER DISSIPATION 

In comparison with older types of pre-amplifi- 
ers, the power consumption is enormously 
reduced. For instance, the TDB2033 con- 
sumed 204mW at 12 volt supply, while the 
TDA3047/48 only takes 10mW at 5 volt 
supply, which is very useful for ‘stand by" 
mode. A second advantage is the 5 volt 
supply which can also be used by the decod- 
ing microcomputer. 


POSSIBLE APPLICATION 
COMBINATIONS 


In Table 3 the different combinations are 
given for remote control systems operating in 
the modulated or unmodulated mode. 


OUTPUT SIGNAL 

As indicated in the introduction, the TDA3047 
has an active ''high'' output signal, while an 
active "low'' output is generated by the 
TDA3048. This choice in polarity is made 
available for maximum cooperation with the 
decoding part. If, for example, an 8048 micro- 
computer is used on interrupt level, with 
active "low" at input INT, the TDA3048 is 
then the correct amplifier. If the INT input is 
active "High", the TDA3047 outputs the 
proper "High" level. 


PC-BOARD DESIGN 

Special attention must be given to the place- 
ment of Cs. The greatest distance must be 
realized between the position of this capacitor 
and the inputs 2 and/or 15. Ground connec- 
tions and screening must also be done with 
great accuracy. 


September 1985 


Signetics Linear Products 


Application Note 


TEA(1042: Use in Loudspeaking Phone 


Author: J.A.C.M. van Tiggelen 


SUMMARY | 

The TEA1042 is a dedicated transmis- 
sion circuit designed for use in loud- 
speaking telephone sets. Besides the 
normal lowspeaking functions (transduc- 
ers in the handset) it also contains 
amplifiers for a microphone and a loud- 
speaker in the base. A logical input is 
provided to select between lowspeaking 
and loudspeaking. However to make full 
handsfree operation possible some ad- 
ditional circuitry has to be applied, i.e. 
two voice-switches and a duplex control- 
ler in order to avoid howling of the 
telephone set, a microphone preampilifi- 
er and a power amplifier for the loud- 
speaker. This report gives a design ex- 
ample for this additional circuitry using 
off-the-shelf components. It has been 
designed for a low supply voitage and a 
low supply current consumption. There- 
fore the circuitry can be powered from 
the telephone line. This has been real- 
ized using an electronic inductor which 
fulfills all balance-return-loss demands. 


INTRODUCTION 

The TEA1042 is a transmission circuit 
designed for use in loudspeaking tele- 
phone sets. Besides the normal func- 
tions (supplied from telephone line cur- 
rent, adjustable voltage regulator, high 
and low-impedance handset micro- 
phone inputs, muting input, gain setting 
facility and a line current dependent gain 
control facility) it contains amplifiers for 
the base microphone and the base loud- 
speaker and switches to select between 
lowspeaking and loudspeaking. Howev- 
er, to make full handsfree operation 
possible, some additional equipment has 
to be used. 


Because of the much greater distance 
the sound of the talker has to bridge 
(typ. 50cm between mouth/ears of the 
user and the microphone/loudspeaker 
of the telephone set instead of typ. 
2.5cm when a handset is used) a micro- 
phone preamplifier and a loudspeaker 
power amplifier are necessary. 
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EARPIECE 


BASE 
LOUDSPEAKER 
BDO13980S 


Figure 1. Block Diagram Of The Loudspeaking Telephone Set 


As a result of introducing this extra gain, 
stable operation of the telephone set 
cannot be ensured under all circum- 
stances. The gain of the loop consisting 
of microphone amplifiers, hybrid net- 
work, receiving amplifiers and the acous- 
tic coupling between loudspeaker and 
microphone then can exceed unity 
which will cause ‘howling’ of the tele- 
phone set. Therefore it is necessary to 
insert a loss in this loop to ensure the 
loop gain not to exceed unity. Since this 
loss will attenuate voice signals, too, it is 
necessary to insert it at any moment in 
the channel in which no voice signals (or 
in practice: less voice signals) are pres- 


_ ent. Therefore a duplex controller has to 


be inserted with the task to control in 
which channel the loss has to be insert- 
ed. 


This report gives a design example for 
this additional circuitry using standard 
components. 


In Figure 1 a block diagram of the 
loudspeaking telephone set is shown. As 
a base microphone an electret type is 
preferable because of its small dimen- 
sions and its high sensitivity. The signals 
of this microphone are amplified and 
then go to the transmission circuit 
TEA1042 via voice-switch VS1. The 
preamplified signals are also fed to the 
duplex controller. 


The signals received from the transmis- 
sion circuit TEA1042 go to the loud- 
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speaker amplifier and the loudspeaker 
via voice-switch VS2 and a volume regu- 
lator. The signals are also input for the 
duplex controller. 


The duplex controller consists of two 
peak value detectors, PD1 and PD2, 
which rectify the microphone and tele- 
phone signals respectively. The peak 
values are compared in a comparator. 
The voice-switch in the channel with the 
stronger signals is closed by the com- 
parator. 


The duplex controller and the micro- 
phone amplifier have been built using an 
LM324 quadruple operational amplifier. 
For the loudspeaker amplifier a 
TDA7050 has been used. The voice- 
switches have been made using BC547 
transistors. The circuit is powered from 
the telephone line using an operational 
amplifier of the type TCA520 as an 
electronic inductor. 


MICROPHONE PREAMPLIFIER 

The transmission circuit TEA1042 pro- 
vides a gain for base microphone signals 
of typ. 20dB. In practice a much higher 
value is needed. Therefore a micro- 
phone preamplifier is necessary. This 
has to be a low-noise amplifier which 
must have a constant gain over the full 
supply voltage range of 3 to 6V. There- 
fore it has been realized using a BC549 
as a low-noise preamplifier and one of 
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Figure 2. Circuit Diagram Of The Microphone Preamplifier 


the four op amps of the LM324. The schemat- 
ic diagram is shown in Figure 2. 


The gain of this amplifier is 30dB (11dB in the 
preamplifier; 19dB in the LM324 amplifier). 
The capacitors C4 and Cs have been included 
in order to reject out-of-band signals. 


The low pass filter consisting of Rg and C3 is 
necessary to avoid unwanted amplification of 
supply voltage variations. 


LOUDSPEAKER AMPLIFIER 

The transmission circuit TEA1042 contains a 
loudspeaker preamplifier which drives in this 
design a TDA7050 dual power amplifier. This 
results in a very simple circuit requiring few 
external components (see Figure 3). The 
TDA7050 provides a fixed gain of 26dB in this 
single-ended configuration which is preferred 
to the bridge-tied-load configuration from the 
view of supply current consumption in this 
application. The second amplifier in the 
TDA7050 might be used as a preamplifier in 
case the 26dB gain turns out to be too low. A 
volume regulator has been included making it 
possible for the user to adjust the volume to 
the required acoustic level. 


The filter in the supply line (R44 and C7) has 
been included in order to protect the rest of 
the circuitry for excessive supply voltage 
drops caused by the TDA7050 when it is 
driven to full power. 


TC01450S 


Figure 3. Circuit Diagram Of 
The Loudspeaker Amplifier 


VOICE SWITCHES 

The extra gain of about 30dB of the micro- 
phone signals and of the received signals is 
too much to ensure stable operation of the 
telephone set under all circumstances. 


Therefore it is necessary to insert a loss to 
ensure the loop gain not to exceed unity. 
Since this loss will attenuate the voice sig- 
nals, too, it is necessary to insert it in the 
channel in which no voice signals (or in 
practice: fewer voice signals) are present at a 
moment. 


The amount of loss necessary can easily be 
calculated using Figure 4. As can be seen in 
this Figure the loop gain is max. 22dB in our 
design. The contributions of the amplifiers 
and the volume adjustment are quite obvious. 
The contributions of the acoustic coupling 
and the hybrid coupling are less clear. 


The contribution of the acoustic coupling 
depends mainly on the acoustic properties of 
the cabinet used, the optimization of which is 
of paramount importance for the ultimate 
performance of the loudspeaking telephone 
set. There are three mechanisms of sound 
propagation from the loudspeaker to the 
microphone. 


First, the sound can propagate via the air 
outside the cabinet. This contribution can be 
minimized by maximizing the distance be- 
tween loudspeaker and microphone, i.e. plac- 
ing them in opposite sides of the cabinet. 


Second, the sound can travel via vibration of 
the cabinet which can be prevented by using 
a ‘stiff’ cabinet and a rather loose mounting 
of the loudspeaker and the microphone in the 
cabinet. 


A third mechanism is the propagation via the 
air inside the cabinet. This contribution can be 
diminished by means of shielding the loud- 
speaker and the microphone with respect to 
each other and by means of filling the appro- 
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priate holes (acoustic resonators!) with mate- 
rial (e.g. foam, but even a printed circuit board 
with electronics can have a positive effect) in 
order to prevent the occasion of standing 
waves in the speech frequency spectrum. 


In our design an existing cabinet has been 
used giving with some small modifications an 
acoustic coupling between loudspeaker and 
microphone of max. -34dB (electrically mea- 
sured). 


The contribution of the hybrid coupling de- 
pends on the side tone suppression which 
has been optimized for an average telephone 
line length (about 3km) and an average 
frequency (about 1kHz). For shortest (Okm) 
and longest (10km) line lengths and lowest 
(300Hz) and highest (3400Hz) frequencies 
this suppression reaches a minimum. In our 
design the maximum hybrid coupling was 
measured to be 0OdB at a frequency of 
3400Hz. At higher frequencies the hybrid 
coupling was even higher and therefore it 
turned out to be necessary to introduce a low- 
pass filter into the circuit. This has been 
realized in the receiving amplifier of the 
TEA1042 (see Figure 13, capacitor Cgpo). 


The amount of loss to be introduced in the 
loop in our design therefore is 22dB (the sum 
of all contributions of Figure 4) plus a singing 
margin of 15dB. 


The loss elements have been built using 
resistor networks with transistor-switches of 
the type BC547C to select between the loss 
and no-loss position (see Figure 5). 


If the input of the switches is high, transistor 
Tao switches otf the loss in the microphone 
channel by means of T2;, while the signals in 
the receiver channel are attenuated by tran- 
sistor Too which will have a resistance of 
about 60 Ohm (divider (Rog + Rag)/ 
(R30 + T22)). If the input of the switches is 
low, then transistor Ts; is in conduction and 
the microphone signals are attenuated (divid- 
er (Roo + Ro;)) while the receiver channel 
signals pass unattenuated. To, and Too are 
applied inversely in order to minimize switch- 
ing ‘clicks’. As the on-resistance of transis- 
tors depends on their beta, C-types have to 
be used. The values of the resistors Roo, Roy, 
Rog and Rog depend on the type of cabinet 
and the type of telephone lines used. There- 
fore no values are given in Figure 5. See 
Appendix {I for more details. 


The voice-switch in the receiving channel is 
followed by an emitter-follower (T23) in order 
to convert down the high output impedance. 
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DUPLEX CONTROLLER (DUCO) 


Introduction 
The voice switches are controlled by the 
y, \ DUCO. The task of this DUCO is to determine 
/ COUPLING YY o~ \ COUPLING in which channel the stronger signals are 
' present in order to switch off the attenuation 
ans in this channel and to insert it in the channel 
with the weaker voice signals. Therefore its 
switching behavior is of crucial importance for 
the ultimate performance of the loudspeaking 
telephone set. 


AFO1680S 


A simplified circuit diagram is shown in Figure 
Figure 4. Calculation Of The Loss Required To Achieve Stable Operations 


6. The circuit has been built using three op 
amps of the LM324. Two of them are used as 
peak-value rectifiers, one for the signals com- 
ing from the microphone preamplifier and one 
for the received signals coming from the 
TEA1042 (pin QLSP). 


During the positive parts of the (AC) input 
signals the capacitors Cys and Cyg will be 
charged to the peak value of their respective 
input voltages. During the negative parts, 
however, the diodes D4p and Dy, are blocked 
and the capacitors can discharge only via the 
resistors R53 and Rs, respectively. The time 
constants Rs3*Cy4s and Rs4*C4g are chosen 
rather high in order to diminish the influence 
of echo signals; if after a signal is received 
from the telephone line, capacitor Cyg is 
Tooss discharged before the echos in the room 
have ebbed away, the voltage on Cys could 
be the higher voitage resulting in an unwant- 
ed switching action. The resistors Rep and 
Rss have been included in order to diminish 
the influence of spike voltages at the inputs. 


Figure 5. The Voice-Switches Used In The Microphone And Receiver Channel 


The rectified signals are then compared in the 
third op amp which is used as a comparator. 
If the microphone signals are the stronger 
signals its output will be high and vice versa. 


Attenuators 
10014308 It is not possible to include this DUCO in 


Figure 6. Simplified Circuit Diagram Of The Duplex Controller Figure 5 without additional measures. To 


Ic1d 


understand this it is necessary to look careful- 
ly at the Figures 7 and 8. 
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Figure 7. Influence Of 
Acoustic Coupling 


SENDING 
MODE 


OP01140S 


Figure 8. influence Of Hybrid Coupling 


When the telephone set is in the receiving 
mode, its microphone receives rather strong 
signals from its loudspeaker. This is called 
the acoustic coupling. As can be seen in 
Figure 4 the signals after the microphone 
preamplifier, vm, are in our design up to 22dB 
stronger than the original signals v4. 


The (linear) relation of this acoustic feedback 
signals with the original signals v; is shown in 
Figure 7 by the line ‘acoustic coupling |’. As 
the comparator selects the stronger signals 
as is shown by the dashed line in Figure 7 the 
loudspeaking telephone set would immedi- 
ately switch into the sending mode as a result 
of its own acoustic feedback. 


In order to prevent such unwanted switching 
action, it is necessary to attenuate the micro- 
phone signals which are fed to the DUCO to 
such an amount that the acoustic feedback 
signals never can become greater than the 
original signals vy;.. AS a result the acoustic 
coupling line (Figure 7) will turn off until it falls 
completely in the receiving mode part of the 
figure (‘acoustic coupling II’). 


Note that the acoustic coupling in practice is 
extremely frequency-dependent. Therefore it 


is necessary for stable operation of the 
DUCO that the acoustic coupling line for 
every frequency is in the receiving mode part 
of Figure 7. 


There is a similar problem in the sending 
mode of the loudspeaking telephone set. 
Dependent on the hybrid coupling and the 
position of the volume regulator, the signals vy; 
received via the hybrid might be slightly 
greater than the original microphone signals 
Vm: This also will cause unstable operation of 
the DUCO as is shown in Figure 8 by the line 
"hybrid coupling |'. As the comparator still 
selects the stronger signal (dashed line), the 
loudspeaking telephone set would select the 
receiving mode as a result of its own hybrid 
coupling. 


To prevent unwanted switching actions it is 
necessary to introduce a loss in the receiver 
input of the DUCO in this sending mode in 
order to ensure the hybrid coupled signals 
always to be smaller than the original signals 
Vm. The hybrid coupling line in Figure 8 will 
then turn off until it falls completely in the 
sending mode area of the figure (‘hybrid 
coupling II’). 


Note again that this demand must be fulfilled 
under all circumstances, especially for the 
maximum volume position of the volume 
regulator together with maximum hybrid cou- 
pled signals (i.e. maximum line impedance 
mismatching). 


The input-attenuators have been realized as 
a tap on the respective speech attenuators. 
This is shown in Figure 9 (Rao - Ro; in the 
sending channel; Rog — Rag in the receiving 
channel). 


In the sending position (output of the compar- 
ator high) transistor To; is blocked, switching 
off the attenuator in the microphone input of 
the DUCO. Transistor Too is conducting in- 
serting a loss determined by divider Ro»/ 
(Rog + Rao + To22) in the receiving channel in 
order to turn off the hybrid coupling line into 
the sending mode part of Figure 8. 


In the receiving position (output of the com- 
parator low) transistor T22 is blocked, switch- 
ing off the attenuator in the receiving channel; 
To; is conducting inserting the attenuator 
Roo/ (Re; + Ree + T21) in the microphone 
channel in order to turn off the acoustic 
coupling line into the receiving mode part of 
Figure 7. See Appendix |I for more details. 


In principle the DUCO only has to be supplied 
with signals of the part of the frequency 
spectrum from about 500 to 2000Hz. In this 
part of the spectrum the strongest voice 
signals are present, therefore allowing for a 
reliable decision of the DUCO. 


In the acoustic coupling of the cabinet used in 
our design there are some resonances at 
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frequencies of about 3kHz. As the acoustic 
coupling line for every frequency has to be in 
the receiving mode part of Figure 7, the loss 
in the DUCO microphone input has to be 
adjusted at the acoustic coupling at these 
frequencies. Therefore it is advantageous in 
Our design to introduce a lowpass filter in this 
input (R4o/C41; cut-off frequency: 2000Hz) 
giving an additional loss for this frequency 
and thus allowing for a reduction of the 
required loss of the attenuator. This measure 
turns out to be advantageous for the interrup- 
tion behavior of the loudspeaking telephone 
set. 


In order to counteract this filter at frequencies 
above about 5kHz (which is necessary due to 
the increased hybrid coupling at this and 
higher frequencies) a second lowpass filter 
has been included in the receiver input of the 
DUCO (Reéo/Cag) with a cut-off frequency of 
5kHz. Two emitter-followers (T49 and T4;) 
convert down the high output impedance of 
the filters. 


DC-Adjustments And Hysteresis 
For the DC-adjustment of the DUCO it is not 
sufficient to supply R4g and Rg7 with a suit- 
able common DC voltage. Referring to Fig- 
ures 7 and 8 this would result in an undefined 
position of the comparator in the absence of 
input signals (Vv; = Vm = 0, zero crossing point) 
due to offset voltages of the op amps and 
due to always present noise signals on the 
inputs. 


Offset voltage compensation has been reai- 
ized with Rag in Figure 10. With this resistor 
the DC voltage at the receiver input (via R57) 
of the DUCO can be made slightly different 
from the DC voltage at the microphone input 
(via R43) of the DUCO. See Appendix Il for 
more details. 


In order to make the DUCO bistable, even in 
the absence of input signals, a small positive 
feedback has been made. This has been 
realized with Reo in Figure 10. The capacitors 
Cag and Cy7 increase the positive feedback of 
the circuit during switching actions resulting in 
a firm switch-over. 


In Figure 10 the circuit diagram of the part of 
the duplex controller considered here is giv- 
en. 


POWER SUPPLY OF THE 
CIRCUIT 


The circuit described in the preceding chap- 
ters consumes a supply current of about 5mA 
in quiescent state while the loudspeaker am- 
plifier will need another 5mA to power the 
loudspeaker in the receiving state. This is far 
above the supply capacity of the supply point 
of the TEA1042 which is about 1mA. 
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Therefore it is necessary to bridge the 620 
Ohm supply resistor R71 of the TEA1042 (see 
Figure 11) with an inductor resulting in a low 
supply voltage drop at high supply currents 
for DC and in a high impedance for speech 
frequencies thus keeping the good balance 
return loss figures of the TEA1042 itself. 


A coil with these properties is rather bulky. 
Therefore we have chosen an electronic 
solution. This is shown in Figure 11. For DC 
this circuit acts as a resistance of 15 Ohm 
(Reg) in series with a diode (0.7V voltage drop 
across the base-emitter transition of Tg). For 
AC it acts as an inductance of about 10H 
(Rea*Re1*Céo). 


This supply circuit itself consumes about 1mA 
supply current resulting in a total (quiescent) 
current of the loudspeaking circuitry of 6MA. 


APPLICATION DIAGRAM AND 
PRINTED CIRCUIT BOARD 


In Figures 12 and 13 a complete application 
diagram of the loudspeaking circuit with the 
TEA1042 transmission circuit has been given. 
in Appendix | a parts list is given. 


C.A.B. have developed a p.c. board (C.A.B. 
Elcoma nr. 3206) which contains all the 
circuitry. The print lay-out is shown in Figure 
14. 


In Appendix Il a summary of required adjust- 
ments is given. 


TC01420S 


Figure 9. Simplified Circuit Diagram Of DUCO Including Attenuators 


CONCLUSIONS 

Using the TEA1042 transmission circuit it is 
possible with the rather simple circuitry pres- 
ented in this report to make a loudspeaking 
telephone with good performance. The circuit 
is powered from the telephone line. 


To obtain optimal performance it is very 
important to adjust the duplex controller care- 
fully to its cabinet (acoustic coupling) and to 
‘Tooi410s the types of telephone lines used (hybrid 


Figure 10. Circuit Diagram Of The DC-adjustment And coupling). Appendix II might help you in the 
Hysteresis Measurements Of The Duplex-controller. adjustment procedure. 
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TC01400S 


Figure 11. Circuit Diagram Of The Supply Circuit For The Loudspeaking Equipment 


(“CONNECT INPUTS IC2b TO GROUND) 


TC01510S 


Figure 12. Application Diagram Of The Loudspeaking Circuitry With The TEA1042 Circuit (Loudspeaking Part). 
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PERIPHERALS 
SUPPLY (V+) 


TC01390S 


Figure 13. Application Diagram Of The Loudspeaking Circuitry With The TEA1042 Circuit (Transmission Circuit And Supply). 


September 1985 9-124 


Signetics Linear Products Application Note 


TEA1042: Use In Loudspeaking Phone AN194 


APPENDIX |: PARTS LIST 


DESCRIPTION 


330K 
7, 23, 40, 53, 54, 60 100K 
27K 
5.6K 
33K 
22K 
1K 
150K 
18K 
33 
10K 


DESCRIPTION DESCRIPTION 


C47, 72, 75 10nF 
C49 330pF 
C60, 61, 76, 78 10yF 
C62 33pF 
C71 220nF 
C74 2.2uF 
C77 47nF 
C79 1000 uF 
C80 2.7nF 
D40, 41 BAW62 
D60 BAT85 
D71, 72 BAS11 
D73, 74 BZW14 
D75 ‘BZX79C12 
T1 BC549 
T20 BC547 
T21, BC547C 
T23, BC547A 
BC557 
LM324N 
TDA7050 
TCA520B 
TEA1042 
AD3071/Y50 


R61, 62 
R63 

R71 

R72 

R73, 74 
R75 

R77 

R78 

R79 

R80 

R81 

R82 

R83, 84 
R85 

C1, 2, 5, 43 
C3 

C4 

C6, 20, 21 
C7, 8, 44 
C22 

C23 

C40, 
C41, 
C42, 
C45, 


R20, 21, 28, 29 
R22 100 

R25 1M 

R26 10K log potm. 
R27 3.9K 

R30 390 

R32, 41, 59 2.7M 

R33, 42, 58 47K 

R44 2.2K 

R45, 46 18 

R47 3.3K 

R49 470 10t-potm. 
R52 680K 


* t.b.f.; see Appendix Il 
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APPENDIX II: SUMMARY OF 
REQUIRED ADJUSTMENTS 


N.B. apply and measure all voltages with 
respect to ground. 


Dimension the Voice-switches 
in the Sending and Receiving 


Channel (Roo + Roi, Rog + Rao) 

A suitable method is the following: 
Remove Rag, Re, Res, Rag. Make the output 
of the comparator IClc LOW (receiving posi- 
tion) by means of Rag (extreme position of 10 
turn potmeter; measure on Ree (solder tag 
1)). Apply an AC voltage (10..30mV) of vari- 
able frequency to Co3/R3o (solder tag 2). 
Measure the transfer function between this 
point and Coo (solder tag 3) for frequencies of 
100Hz to 10kHz. This measurement gives you 
the transfer function of the loudspeaker am- 
plifier plus microphone amplifier plus the 
cabinet (acoustic coupling). 


Keep in mind that the acoustic coupling is 
influenced by persons (or things) in the sur- 
roundings of the cabinet. It might be neces- 
sary to include this influence in the measure- 
ments. 


Now apply the AC voltage to C2;/Roo (solder 
tag 4). Make the output of the comparator 
HIGH (sending position) by means of Rag 
(other extreme position). Adjust maximum 
volume with the volume regulator. Measure 
the transfer function between this point and 
the wiper of Rog (solder tag 5) for frequencies 
of 100Hz to 10kHz. This measurement gives 
you the transfer function of the sending and 
receiving amplifiers of the TEA1042 plus the 
sidetone network (hybrid coupling). Note that 
the hybrid coupling component is dependent 
on the type and length of telephone line used 
and on its termination. Do this measurement 
for several telephone line lengths, types and 
terminations in order to find the worst-case 
transfer function. 


The sum of these two worst-case transfer 
functions gives you, at a certain frequency, 
the maximum loop gain of the telephone set. 
Since this loop gain must always remain 
lower than -15dB the loss required for the 
voice-switches is 15dB plus the measured 
maximum loop gain. This loss must be real- 
ized by a suitable choice of (Rao + Ro) for 
the microphone loss element and by 
(Rog + Rog) for the receiving loss element. 


In order to prepare the circuit for the adjust- 
ments 2 and 3, choose Ro; and Rog zero 
(shortcircuit) and make Rap and Rog equal to 
the sum resistances calculated above, 
(Rao + Roi) respectively (Rag + Rag). 
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Dimension the Loss Element in 
the Sending Input of the 


Duplex Controller (Roo, Re) 

A suitable method is: 

Make the output of the comparator ICic LOW 
(receiving position). Apply an AC voltage of 
10-30mV to Rog/Ree (solder tag 5). Mea- 
sure the transfer functions from this point to 
R57/C4g and to R43/Ca4p. As the signals on 
R43/Cao always have to be smaller than the 
signals on Rs7/C4g for proper operation of 
the DUCO, the difference (in dB) of the two 
transfer functions (R43g/C42 minus Rsg7/Cag) 
has to be less than OdB for every frequency in 
the band of 100Hz to 10kHz. Strong negative 
values, which you are likely to find now, will 
negatively influence the switching sensitivity. 
You have achieved the optimal loss if the 
difference is less than or equal to —5dB for 
every frequency which gives you a reason- 
able switching sensitivity and a good overall 
stability (even if something or someone is 
near to the cabinet (increased acoustic cou- 
pling) or in the presence of echo signals). 


The resistance which is now in Roo alone 
must be divided over Rep and Ro; (without 
altering the sum of the resistances!) to such 
an amount that the -5dB demand sketched 
above is fulfilled. 


Calculate the Required Loss in 
the Receiving Input of the 


Duplex Controller 

A suitable method is: 

Make the output of the comparator ICic HIGH 
(sending position). Apply an AC voltage of 
10-30mV to Coo/Rao (solder tag 3). Mea- 
sure the transfer functions from this point to 
R43/C4o and to Rs7/Cag. As the signals on 
Rs7/C4g always have to be smaller than the 
signals on R43/C4o for proper operation of 
the DUCO, the difference (in dB) of the two 
transfer functions (Rs7/C4g minus R43/Cao) 
has to be less than OdB for every frequency in 
the band of 100Hz to 10kHz. You are likely to 
find a slightly positive value for the worst case 
telephone line types, lengths and termina- 
tions. The optimal value for the difference is 
now about -—2dB. 


The resistance which is now in Rag alone 
must be divided over Rag and Rog (without 
altering the sum resistance) to such an 
amount that the -2dB demand sketched 
above is fulfilled. 


Now the optimal values for the resistors Roo, 
Roz, Reg and Reg have been found. You might 
wish to check points 2 and 3 once again. Be 
sure the difference between the two transfer 
functions in point 2 is -5dB and more and in 
point 3 is -2dB and more for every frequency. 
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DC-adjustment = 

a- Adjust maximum voltage on R57/Rag with 
Rag. the duplex controller is monostable 
now; if no signals are applied to it it will 
switch to the receiving position. 


b- Turn R4g until the duplex controller tends 
to become bistable: if only a microphone 
signal has been applied to it it remains in 
the sending position. Mark the position of 
the potentiometer. 


c — Continue turning Rag until! the duplex con- 
troller tends to become monostable again; 
if no signals are applied to it, it switches to 
the sending position. Mark this position of 
the potentiometer, too. 


d- Adjust R4g between the two marks until 
the DUCO operates stable, i.e. there are 
no unwanted switching actions anymore. 


The adjustment procedure has been finished 
now. The circuit now must operate quite well. 
In case you still have problems with the circuit 
the list given below might help you. This list 
assumes that you have done the adjustments 
1 to 4 as described above. 


TROUBLESHOOTING LIST 

®@ Unwanted switching actions to sending po- 
sition while the DUCO has to remain in the 
receiving position. 


This might be caused by echo signals. Some 
remedies are possible: 


1) Enlarge C45 and Cyg. Disadvantage: the 
DUCO will switch slower. 


2) Decrease Rep. This increases the hystere- 
sis of the DUCO. Disadvantage: switching 
sensitivity will decrease. 


3) Increase Rao and/or decrease Ro. Disad- 
vantage: the sensitivity for switching to 
sending position will decrease. 


® DUCO switches too slow to the other posi- 
tion. 


This is caused by a too large time constant in 
the peak value rectifiers. Decrease Cys and 
Cag. Disadvantage: sensitivity for echo sig- 
nals will increase. 


@DUCO sensitivity for switching to sending 
position is not enough. 


This might be caused by a strong acoustic 
coupling between loudspeaker and micro- 
phone which demands for a high loss in the 
microphone input of the DUCO. Try to de- 
crease the acoustic coupling. Don't forget to 
readjust the circuit according to the points 1 
to 4 in this Appendix after changes in the 
acoustic coupling have been made. 
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The SAA5350 is a VLSI Advanced Peri- 
pheral Display Controller (APDC) 
containing approximately 120,000 transis- 
tors in advanced NMOS technology. 


( 


. R 
The APDC may be used for many display G 
terminal applications such as color video aca reer 
monitors, personal computers, medical/in- sync 


dustrial equipment, picture-telephones, 
videotex terminals, dot color printers, 
workstations and more. 


Video systems design is made simple 
when using the APDC. The APDC can eas- 
ily interface to a general purpose 8 or 
16-bit microprocessor and act as a DMA 
device when accessing the display 
memory. Due to stack coding technique 
and the on-chip character ROM, external 
display memory requirements are minimal; 
4K bytes is sufficient to create a high reso- 
lution, full color, animated display. Figure 


CONTROL LOGIC 
FPLA 828153 


1 depicts a typical Videotex terminal Figure 1. Videotex Decoder Using the SAA5350 

implementation using the SAA5350. The 

4K bytes include a 2K bytes user defined © Composite sync output This application note outlines how the 
Dynamically Redefinable Character Set Support both interlaced and APDC operates, summarizes its attributes 
(DRCS). The DRCS Concept is a powerful non-interlaced type displays and gives examples of how it interfaces 
technique which allows each pixel Of € e Designed for 625 line systems with microprocessors and display memory. 
character cell to be individually set permit- = Single 5V supply, 40-pin DIP The concepts of stack ¢oding and DRCS 
ting almost unlimited expansion of the are also briefly described. 


character repertoire and the display of 
more complex alphabets (Cyrillic, Arabic, 
Katakana, etc.) simple pictures, company 


logos, and other symbols (Figure 2). pe ee ee ee . ccoWileGleu-btakderd MEGZRGR 1 
The main features of the APDC are: a ~ a inet: “. so Electrode 
e 40/80 column by 20/24 row display Poon ee TOR 
e On-chip ROM containing 512 alpha- ‘ insulator 
numeric characters ; 
e Dynamically Redefinable Character Set } re > 
(DRCS) capability . ees): ; eee bag 
e On-chip scroll map ae "eae 
On-chip color look-up table RAM and ‘ ee Fy enna eA le 


three D/A converters with gamma 
corrected outputs (32 colors/row-total 
color palette of 4,096 colors) 

e Various flashing modes 

e Many display attributes: double height, 
double width, double size, invert, 
conceal, window, .. . etc. 

e Easy interface to 8 or 16-bit 
microprocessors 

e¢ DMA capability to system display 
memory (this IC has a 16-bit 
multiplexed address and data bus.) 

e Three synchronization modes; stand- 
alone, simple slave or phase locked 
slave, allowing easy implementation of 
text-in-picture or picture-in-text type 
displays. 


Pcdonmreal-serentitic: Lilbustratics 


Figure 2. Examples of Displays Using DRCS 


9-127 September 1985 


Signetics Linear Products Application Note 


SAA5350 A Single-Chip CRT Controller AN152 


SAA5350 CRT Controller IC APDC 
A block diagram of APDC is shown in 
Figure 3. The APDC contains the following 
general functions: timing chain, character 
generator, attribute logic, scroll map, 
screen color logic, DRCS logic, and 
microprocessor interface. 


INPUT/OUTPUT & 
LINK-THROUGH 
BUFFERS 


To optimize system cost, APDC also 
incorporates a color map RAM and D/A 
converters providing RGB outputs cor- 
rected for CRT. non-linearity. The on-chip 
scroll map eliminates the need for massive 
data transfer when scrolling. 


BUFFER A ADDRESSER 
FILL LOGIC 


COLOUR 
MAP 


Character and attribute data is fetched 
from the external memory, processed by 
the row buffer fill logic according to the 
stack coding scheme (when in Stack 


Mode), and then fed into one half of the Figure 3. APDC Block Diagram 


DYNAMICALLY REDEFINABLE 
CHARACTER SETS (DRCS) 

In a basic alphamosaic system, the shape 
of each character is stored as a dot (pixel) 
pattern within a defined matrix. Since the 
repertoire of possible characters within the 
matrix is finite, simple and inexpensive 
decoders can be designed. The use of 
DRCS, however, enormously extends the 
display repertoire. Using DRCS, additional 
characters can be definéd by the informa- 
tion provider, and then used as part of the 
character set for a specific page or group 
of pages. The additional characters can be 
used singly, or as-alphanumerics in a dif- 
ferent alphabet, or as symbols in time- 
tables, etc. They can also be used in 
groups to create simple designs such as 
company logos. 


In essence DRCS requires the transmis- 
sion of the dot pattern for each character 


matrix and the allocation of a code to that . 


matrix. When transmitting a page contain- 
ing. DRCS, the DRCS data can be trans- 
mitted independently of the page 
information and stored in DRCS RAM. For 
display, both the fixed and the DRCS 
character tables are used, depending on 
the character code stored in the page 
memory. 


The DRCS character cell is based on a 12 
pixel horizontal resolution. When operating 
with 10 lines/row, the following modes, 
each representing different combinations 
of horizontal, vertical, and color resolu- 
tions, are available. 


10 lines/row 


Pixel Configuration 
(h x v) 


12x10 
12x10 
6x10 
6x10 
6x 10 
6x 5 
6x 5 


*one chapter contains 1024 16-bit words 


Maximum Number of 


Bits/Pixel _ Characters/Chapter* 


12 lines/row 


Pixel 
Configuration 


12x12 
12x12 
6x12 
6x12 
6x12 
6x 6 
6x 6 


Mode 
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-Bits/Pixel 


Maximum Number of 
Characters/Chapter* 


9-128. 


APDC can also operate in a 6 x 10, 4 bits/ 
pixel mode with a memory organization 
more suited to bit-map implementation. 


When operating with 12 lines/row, fewer 
characters are available per chapter. 


All attributes apply to DRCS in the same 
manner as to normal characters, but for 
multi-color DRCS (that is, the modes with 
more than one data bit per pixel) the fol- 
lowing rules apply: 


e The whole character cell is treated as 
foreground color 
When the Conceal (or Flash, Invert) 
attribute is used, the background color 
that would otherwise be pertaining is 
displayed 
The Underline attribute has no effect 
(the one bit/pixel DRCS modes are 
underlined as normal alphanumeric 
characters). 


When operating with 2 bits/pixel color 
DRCS, the DCLUT (DRCS Color Look-up 
Table) is used. This behaves as a small 
RAM that maps the four combinations of 
two bits onto any four fo the 32 locations 
in the color map. 


When operating with 4 bits/pixel color 
DRCS, the 16 combinations can be taken 
either from locations 0 to 15 or. from loca- 
tions 16 to 31 of the color map depending 
on the value of a register bit. 


The physical organization of APDC’s 
DRCS memory is 1K16 (1024 16-bit words) 
for Tables 4 and 5, and a further 1K16 for 
Tables 6 and 7. In addition to the page 
memory pointer, two independent memory 
pointers in APDC indicate the beginning of 
each 1K16 ‘chapter of DRCS memory. 
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dual display row buffer. The data fetch 
process takes place during one line fly- 
back period (per row), and since time is 
required to complete the fill, the other half 
of the dual row buffer is used for display. 
The row buffers exchange functions on 
alternate rows; each holds the 40 columns 
of 32 bits required to define explicitly every 
character in a row. 


The addresser is used for row buffer filling 
and for fetching screen colors; during the 
display time it is also used for addressing 
DRCS characters. 


Timing 

The timing chain operates from an exter- 
nal 6MHz clock or the on-chip 
fixed-frequency crystal oscillator. The 
basic format is 40 characters per row, 
24/25 rows per page, 10 video lines per 
row. 


APDC will also operate with 20/21 rows 
per page, 12 video lines per row. (This 
meets the requirements of Ref. 2 which 
embodies the DIN standard on terminal 
ergonomics, reducing operator fatigue by 
improving the readability of displayed text.) 


Aa OBPSp 
fix! 1AQaq 
Ee” 2?BRbr 
uus3cScs 
caa4DTdt 
EeosEveu 
L1iij6FVFv 
Eo’ 7GWow 
uu (8HXhx 
Ha) SLYiy 
Oa%: IZ jz 
e609; KAkS 
#7,iL616 
nn-oMUmii 
Aa. 6Ni nB 
Co/70#0i 


Cr Ol 1 Dl is: S> We Cas S500: F> Ni SS. 


SPUN eetrde ete be Ee C2: ae 


Or Pt oe E> > Cys > Os 1: 2. 0. 


Figure 4. On-chip Characters: Tabl 


The two extra lines per row are added 
symmetrically, and contain background 
color only for ROM-based alphanumeric 
characters. DRCS characters, block and 
smooth mosaics, and line drawing charac- 
ters, however, occupy all 12 lines. 


The display is generated to the normal 
625-line/50Hz scanning standard, inter- 
laced or non-interlaced. In addition to 
composite sync for conventional time- 
bases, a clock output at 1 MHz or 6 MHz is 
available for driving other videotex devices, 
and a 12MHz clock is available for hard- 
copy dot synchronization. A Defined 
Display Area timing signal simplifies the 
application of external peripherals such as 
a light pen. This signal is nominally coin- 
cident with the character dot information. 


Character Generation 

APDC supports eight character tables, 
each of nominally 128 characters. Four are 
in on-chip ROM and contain fixed charac- 
ters, and four for DRCS are stored in 
external RAM. The contents of the fixed 
character tables (Tables 0 to 3) are shown 
in Figures 4 and 5. 


WQ: 1D: 1) fc cs 


Ci? 2 fH Et 
ieee 


Ba Go ie ie 5< Os DB fs 


os Bey At Ey 


Gie Ce Us Os <0? 4: E> 
mo db oS 
i] 


Te eed PAS 


0 and 1 


9-129 


7, 


«en, > 


Table 0 contains the 128 most commonly 
used characters: standard upper- and 
lower-case Roman alphabet, numerals, 
punctuation, and the more common 
accented characters. In normal text trans- 
mission, Table 0 is used most of the time. 


Table 1 contains further accented 
characters. 


Table 2 contains a number of miscellane- 
ous characters, mathematical symbols, the 
line drawing character set, and accents 
without associated characters. 


Table 3 contains the block mosaics for the 
basic alphamosaic service, together with 
the new smooth mosaics. The two sets are 
complementary and can readily be com- 
bined to create pleasing graphic displays 
such aS maps, some examples of which 
are shown in Figure 6. Although the editor- 
ial need for these characters has 
decreased somewhat with the availability 
of DRCS, being pre-defined and resident 
on-chip, their use makes for savings in 
transmission time and avoids the waiting 
times associated with the downloading of 
DRCS characters. 


Tables 4, 5, 6 and 7 are stored in external 
memory and are used for DRCS. 


Figure 5. On-chip Characters: Tables 2 and 3 
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Never Standard 


Smooth: Gragite: 


Zeichen/Karte/Buchstaben 


WEGs83 


“AN182 


=m Central 


+ 


wm Bakerloa 


' sm Northern 
z wmPiccadilly 


etrapoli tan 


Figure 6. Examples of Displays Using Smooth and Mosaic Line Drawing Characters 


Scroll Map 

Associated with the timing chain is the 
scroll map, an area of on-chip RAM of 26 
bytes. It maps the scan row on to the 
fetched memory row, allowing the stored 
page to be displayed in any row order. For 
each row, a one-byte pointer to the display 
memory row is stored in the scroll map. 
This allows scrolling without the need for 
data transfer to or from side storage. Addi- 
tional control bits are stored, allowing 1 to 
25 rows to be displayed at any location on 
the screen. 


Color Map and D/A Converters 
The on-chip color map and D/A converters 
considerably simplify the external circuitry. 
The color map RAM contains 32 12-bit 
words that are loaded by the microproces- 
sor and read out in three 4-bit groups at 
pixel rate. Each group is fed to a non- 
linear (gamma-corrected) D/A converter. 
The resulting R, G, and B outputs are low 
impedance with peak-to-peak amplitudes 
controlled by the voltage applied to the 
Reference Pin. 


Cursor | 

A cursor is available in Stack Mode. Its 
position, character code, character table, 
foreground color, background color, lining 
and flash attributes are all software pro- 
grammable via internal register bits. 


September 1985 


DISPLAY ATTRIBUTES 
APDC provides the following attributes for 
any character displayed. 


Foreground Color 

Foreground color is coded in five bits, 
implying a total of 32 colors. Of these, 31 
represent specific locations in the color 
map; the last is interpreted as transparent. 


When a pixel is set to transparent, the dis- 
play color pointer is set to the value of the 
screen color at this location. If the screen 
color attribute is also transparent, the 
underlying tv picture, if any, is unblanked 
(i.e. displayed). 


The 32nd location is also used during line 
or field flyback to output blanking level 
(black). 


Background Color 

Background color operates in exactly the 
same way as foreground color, with five 
bits defining 31 colors plus transparent. 


Screen Color 

The color of the screen may also be set to 
any one of the 31 color map locations, or 
transparent. The screen is notionally 
divided into 27 areas corresponding to the 
25 rows and the upper and lower border 
areas. Each of these 27 areas can refer to a 
different location in the color map. 
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Flash 

Ref. 2 defines three states and six rates of 
flash. Other combinations such as 3-phase 
flash at 1Hz are not required but nonethe- 
less are available with APDC. 


Three flash states defined by Ref. 2 are: 


e normal flash (active pixels alternating 
between foreground and background 
colors) 

e inverted flash (in antiphase with normal 
flash) 

e color table flash, where the active pixels 
alternate between two colors in the 
color map 


The six flash rates are: 


e 2-phase 1Hz flash (even flashing at 1Hz) 
e each phase of 3-phase 2 Hz flash 

e ICF (increment flash) 

e DCF (decrement flash) 


If the image of an object is given sequen- 
tial phases in adjacent character cells, 
three-phase flash gives the impression of 
movement along a row. Three-phase flash 
can also be used with DRCS to produce 
dynamic displays without the need for 
continuous transmission. _ 


~The ICF and DCF attributes cause objects 


to appear to move right or left respectively, 
in the same way as with 3-phase flash. lt 
avoids the need to specify flash phase 
explicitly on a per-character basis. In Stack 
Mode, APDC automatically supplies the 
correct phase. This method of specifying 
object motion reduces transmission time 
and serial attribute memory utilization. 
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STACK CODING 

For full implementation of all the required 
functions in APDC, 32 bits per character 
location are necessary. This means that to 
display a full screen of 25 rows of 40 char- 
acters, 4 Kbytes of external memory are 
required — four times the capacity of a 
basic alphamosaic decoder memory, 
excluding any DRCS requirements. 


7 Bits Character Code 

3 Bits Character Table 

5 Bits Foreground Color 

5 Bits Background Color 

5 Bits Flash 

3 Bits Size (D.HT., Top/Bot., D.Width) 

1 Bit Lining (Underline or Mosaic 
Separation) 

1 Bit Conceal 

1 Bit Invert 

1 Bit Window/Box 


32 Bits per character position 


To reduce the amount of memory 
required, attributes in APDC are coded 
using a Stack architecture. Such a system 
exploits the natural redundancy of normal 
text by allocating memory dynamically. It 
allows the external memory to be reduced 
to 2 Kbytes per screen. This has beneficial 
side effects; for example, it reduces the 
memory bandwidth for a given display, 
reducing the memory speed required or 
increasing the time available for micropro- 
cessor operations. 


In the stack coding system used in APDC, 
the page memory is divided into character 
and attribute sections, each organized as 
40-byte groups. The 40 character bytes 
and 40 attribute bytes together make up 
one displayed row. 


Each 8-bit byte includes a pointer bit. 
When the pointer bit of a character byte is 
set, it indicates the presence of one or 
more attributes set at the same character 
position. When the pointer bit of an attrib- 
ute byte is set, it indicates that there are 
further attributes in that group. At the 
beginning of a row, default attributes are 
set, which are then updated by the attri- 
bute bytes fetched from the stack. 


An example of stack coding is given in the 
Figure. The first three characters of the 
row have clear pointer bits. These charac- 
ters will be taken from the default group of 
128 (on-chip) characters, and will be dis- 
played white on black, normal size, not 


underlined, etc. The fourth character in the 


row has its pointer bit set, and so the first 
(or, generally, the next) attribute byte is 


character—code, 7 bit 


character memory 


pointer 
1 bit 


r| 
7 
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pointer 
1 bit 


attribute—code, 7 bit 


OT a Tee IS 


attribute and character 
group memory 


M1562 


Example of Dynamic Allocation of Memory Using Coding Stack 


fetched from memory. This byte also has 
its pointer bit set, and so the next attribute 
byte is also fetched, and so on. 


The fourth attribute byte has a clear point- 
er bit indicating that it is the last in the 
group. The next character byte is now 
fetched. The pointer being clear, this char- 
acter is displayed with the same attributes 
as those set for the previous one. 


The stack system records only the position 
in a row where attribute-changes occur, 
with no restriction upon how many 
attribute-changes apply to any one charac- 
ter. The restriction to 40 attribute-changes 
in a row has been carefully studied, and 
not found in practice to be an editorial lim- 
itation; it is built in to Ref. 2 as a 
transmission requirement. 


The actual coding of attributes, a form of 
Huffman coding, is shown below. 


Stack coding used in APDC 


B7 B6 BS B4 B3_ B2 
P 0 0 F4 F3 F2 
P oO 1 B4 B3 B2 
P 1 0 H4 H3 He 
Pt + Oo L 
P 4 4 #4 0 0 
Po At ee 
Se ee ee Se 
Pe f 1 + 0 
er a a 
a a as 


Uv 
— 
—_ 
—_— 
—b 
—_ 
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B1 


BO Comments 

FO Foreground color (PIBGR) 
Transparent = 00000 

BO Background color (PIBGR) 
Transparent = 00000 

HO Flash 

TO Character Table and Lock bit 

D Size. Double Height and 
Width 

U —_—_ Underline (Lining) 

| Invert 

Conceal 


C 
W  Window/Box 
H Marked area 
(not a display attribute) 
P Protected area 
(not a display attribute) 
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Character Size 

Double height is available in the basic 
alphamosaic service, with certain restric- 
tions. For example, a single row can 
contain only top or bottom halves of char- 
acters, not both, and so double-height 
characters cannot be interleaved. In 
accordance with Ref. 1 APDC provides 
double-width and double-size in addition 
to double-height, with no restrictions on 
horizontal or vertical interleaving. 


~ In Stack Mode, APDC applies ‘size rules’ to 
determine the displayed output when con- 
flicts occur; for example, if the bottom half 
of a double-height character would 
occupy the same position as the right- 
hand half of a double-width character. Part 
characters are never displayed. 


Lining 

For alphanumeric characters, the Lining 
attribute underlines the character. For 
mosaics and line drawing characters, it 
separates the character into six blocks or 
sub-squares (mosaic separation). 


Conceal 

The Conceal attribute makes the fore- 
ground and background colors the same 
until a local reveal function is activated. 
The local reveal function can be applied 
either to the whole field or on a row-by- 
row basis, allowing progressive reveal in 
response to user interaction. 


invert 

This attribute exchanges the foreground 
and background colors and is included for 
compatibility with Teletel transmission 
codes. It also applies to Flash, giving anti- 
phase instead of normal flash. 


Box/Window 

If the basic frame begins in tv mode, this 
attribute superimposes a box containing 
text (Foreground and Background or 
Screen colors) on the tv picture. It is com- 
patible with the Box function used in the 
basic alphamosaic teletext service. 


If the basic frame begins in text mode, the 
attribute provides a Window. That is, it sets 
the screen color to transparent at the 
character positions where it applies, so 
that the underlying tv picture is visible at 
pixels that are not obscured by foreground 
or background colors. 
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White Button 

Various attributes and combinations of 
attributes can cause on-screen data to be 
obscured — double height/double width, 
conceal, foreground and background 
colors the same, etc. It is a requirement of 
Ref. 2 that this effect can be negated by a 
user function, colloquially known as the 
‘white button’, which sets all the attributes 
to their default values without affecting the 
display memory contents. This function is 
implemented in APDC by a microprocessor- 
defined register bit which is active in 
Stack, Explicit Fill, and 80 Characters/Row 
modes (see later). 


ADDITIONAL FEATURES 

As well as exceeding the Ref. 1 specifica- 
tion in several respects — supplementary 
flash modes for example — APDC offers a 
number of features which are outside the 
specification, giving the IC a wider range 
of application. 


Explicit Fill 

In Explicit Fill mode, the page memory is 
not stack coded, and no processing is car- 
ried out during the Row Buffer Fill 
operation. Data from the memory is trans- 
ferred directly to the row buffer. 


Since there is then an explicit representa- 
tion of all the attributes at every character 
location, there is no limit to the number of 
attribute changes on a given row. How- 
ever, this mode requires a larger amount of 
external RAM (6 Kbytes/page including 
DRCS memory). Also, enlarged characters 
are not checked, so the rules concerning 
the size attributes must be implemented in 
software. 


80-Characters/Row 

The 80-character mode is also an explicit 
fill mode without stack coding. No addi- 
tional circuitry is required; the row buffer is 
effectively rearranged as 80 16-bit words, 
each containing: 


8 character bits 

3 foreground color bits 
3 background color bits 
1 underline bit 

1 flash bit 


Dot data is fetched from external memory 
in the same way that DRCS data is 
retrieved. All characters are displayed as a 
6 x 10 dot matrix, with both one and two 
bits/dot modes available. In the one bit/dot 
mode, the external dot memory need only 
be eight bits wide. When using 10 lines/ 
row, 204 different character matrices may 
be stored in a 2K8 memory. 
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The flash mode incorporates color table 
flash. For maximum flexibility of display 


_ the foreground and background colors are 


applied to different areas of the color map. 


Full-Field DRCS 

For alphageometric and similar applica- 
tions, a bit-map display is desirable, where 
each pixel on the screen corresponds to a 
location in the memory. APDC implements 
this indirectly by expanding the DRCS 
character repertoire so that the entire 
defined display area can be covered with 
fully random data. 


One chapter (1K16) of DRCS memory can 
contain data for 51 6x10x4 (6 pixels wide, 
10 pixels high, 4 bits per pixel) characters, 
sufficient for two complete character 
columns. If after these two columns have 
been scanned, the DRCS chapter is 
incremented to a new area of memory, a 
further two columns can be covered with 
different random data. 


This method of using 20 contiguous chap- 
ters of display memory and incrementing 
the DRCS chapter latch in synchronism 
with the horizontal scan forms the basis of 
the full-field DRCS mode. All DRCS 
modes, on-chip ROM-based characters, 
and attributes are still available. 


If, for example, a less memory-intensive 
DRCS mode, such as 12x10x1, is desired, 
then the necessary 10 chapters can be 
addressed by omitting the least significant 
chapter bit (A11) from the memory 
address. 


MICROPROCESSOR AND RAM 
INTERFACE 


Three types of data transfer take place at 
the bus interface: 


e APDC fetches data from the display 
memory 

e The microprocessor reads from, or 
writes to, APDC internal register map 

e The microprocessor accesses the dis- 
play memory 


APDC Access to Display Memory 

APDC accesses the external display 
memory via a 16-bit multiplexed address 
and data bus with a 500 ns cycle time. Fig- 
ure 7 shows a rudimentary RAM interface 
circuit and bus timing diagram. When 
APDC accesses the display memory, its 
Address Strobe signal AS flags the bus 
cycle and writes the address into the 373 
latches. The display RAMs, shown in Fig. 
10 as two 8-bit blocks, are enabled with 
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APDC 
SAA5350 


A16 to A9 A8 to Al 
D15 to D8 D7t 


DISPLAY MEMORY 


Figure 7. APDC Access to Display Memory 


Upper Data Strobe, UDS, and Lower Data 
Strobe, LDS, respectively. (APDC never 
actually fetches a single byte from 
memory; UDS and LDS are alway asserted 
together to fetch a 16-bit_word.) The 
Read/Write control signal, R/W is included 
for completeness although APDC only 
reads the display memory. 


Although the APDC data bus is 16 bits 
wide, the data fetched is often considered 
to exist in terms of bytes and so the byte 
addressing convention is important. The 
standard adopted is that of the 68000 
microprocessor where the even-numbered 


D15 to D8 D7 to DO 


WORD 1FFFE 


BYTE 1FFFE BYTE 1FFFF 


Figure 8. APDC’s Display Memory 
Word/Byte Organization 


bytes exist on the left or upper (most sig- 
nificant) part of the bus, as shown in Fig. 8. 
The word addresses are numerically the 
same as the upper byte they contain — 
there are no odd-numbered word 
addresses. 


Warning Time 

Because APDC is a real-time display 
device, it must have direct access to the 
display memory with priority over the con- 
trolling microprocessor or other peripheral 
devices. To achieve this, APDC issues a 


REGISTER 


Bus Request BR signal for the duration of 
the memory access plus a programmable 
advance warning time to allow the micro- 
processor to complete its current bus 
cycle. 


In systems where the microprocessor’s 
bus and APDC’s bus are intimately con- 
nected, (a ‘connected’ system), BR may be 
used to suspend all microprocessor activ- 
ity so that APDC acts as.a dedicated DMA 
controller. In systems where the two buses 
are separated by buffers (‘disconnected’ 
systems), the BR signal may be used either 
to generate an interrupt or as a directly 
testable signal. To these ends, the warning 
time between the assertion of BR and the 
beginning of APDC’s bus activity is pro- 
grammable from 0 to 23 us. 


Microprocessor Access to APDC’s 
Register Map 

The set of internal registers, when 
memory-mapped, behave as an 8-bit wide 
RAM connected to the upper part of 
APDC’s bus; see Fig. 9. The control signals 
UDS and R/W are reversed to become 
inputs and the register map is enabled with 
Register Enable, RE. Addresses are input 
via the lower portion of the bus. A Data 
Transfer Acknowledge signal DTACK, is 
also generated to indicate to the micro- 
processor that data transfer is complete. 


Fig. 10 shows the main data and address 
paths used in a ‘connected’ 68000 inter- 
face. The outputs of the ‘373 latches are 
only enabled when the 68000 has yielded 
the bus in response to Bus Request, BR. 
When the register map is accessed, data is 
transfered via the upper part of the bus, 
and the microprocessor’s low-order 
address is passed to APDC via the ‘244 
buffer. Simultaneously, the ‘245 bidirec- 
tional buffer disables the signals from the 
low-order data bus of the 68000. 


APDC 
SAA5350 


4 MAP Z 


UDS  A16toA9 
D15 to DS 


DTACK 


M1665 


R/W A6 to Al 
D5 to DO 


Figure 9. Processor Access to APDC’s Internal Register Map 
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BR 


BUS REQ D7 to DO A16 to AXX A15 to A8 


APDC 


SAA5350 
| REGISTER 
icc a 


A16 to A9 
D15 to 08 


015 to D8 RW -D7toDO 3 A23toA17. A16 to A9 


68000 


APDC 


REGISTER | address SAAS350 
v MAP 


LINK 
THROUGH 
asa 
Eel) 


Al to A16 


i 


SYSTEM 
MEMORY 


A16 to AXX 


8-BIT MICROPROCESSOR 


A8 to Al 


Figure 11. ‘Connected’ 8-bit Microprocessor Interface 
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The ’244 and '245 buffers may be omitted 
in a 16-bit write-only configuration where 
the least-significant data byte is interpreted 
by APDC as an address. Here it will gener- 
ally be necessary for the microprocessor 
to hold a (readable) ‘master copy’ of 
APDC’s scroll map contents at some loca- 
tion in main memory. 


8-bit Microprocessors 

Although the control bus is optimized for 
the 68000, APDC will operate with a 
number of widely different industry- 
standard 8- and 16- (or more) bit 
microprocessors such as 80(1)88, 68008, 
8051, etc. The interfacing of 8-bit micro-. 
processors to the 16-bit wide display 
memory is simplified by APDC’s on-chip 
link-through buffer which provides the 
microprocessor with bidirectional access 
to the lower (odd byte) half of the display 
RAM. The link-through buffer is enabled 
with Buffer Enable, BUFEN, and its Send/ 
Receive direction is controlled by S/R 
which is physically the same APDC pin as 
RW. 


Fig. 11 shows the main data and address 
paths used in a ‘connected’ 8-bit micro- 
processor interface. This is very similar to 
the 68000 interface but it should be noted 
that the display memory does not receive 
AO as an address, rather AO (when high) is 
used as the major enabling signal for 
BUFEN. 


Disconnected Systems , 

For many applications it may be desirable 
to ‘disconnect’ APDC and the display RAM 
from the microprocessor and its ROM, 
RAM, and peripherals. The two parts of the 
system then operate independently and 
communicate only when the microproces- 
sor accesses APDC’s register map or the 
display memory. Fig. 12 shows the rudi- 
ments of such an 8-bit system; it can be 
seen that the main data and address paths 
are essentially the same as those des- 
cribed above, the only difference being the 
addition of a set of isolating buffers. 
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Figure 12. ‘Disconnected’ 8-bit System 
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Figure 13. Synchronization Modes 
a. Stand-alone 
b. Simple Slave (Direct Sync) 


c. Phase-locked Slave (Indirect Sync) 
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Synchronization 

APDC has three synchronization modes. 
As a stand-alone device (in terminal ap- 
plications for example, it can output a 
composite sync signal TCS to the display 
timebase IC or to a monitor. Timing is 
derived from a 6 MHz on-chip oscillator 
with an external crystal as shown in 
Fig. 13a. 


APDC can also sync directly to another 
device, such as the TCS signal from the 
SAA5240 teletext IC or another APDC, as 
shown in Fig. 13b. APDC’s horizontal 
counter is reset by the falling edge of TCS. 
A dead time of 250 ns is built-in to avoid 
resetting the counter on every tv line, so 
that screen jitter does not occur. Field 
synchronization is achieved with APDC’s 
internal field sync separator. 


The third mode is phase-locked slave 
operation, as in Fig. 13c. In the SAA5230 
video input processor IC, an internal 
phase-locked VCO provides a 6 MHz 
clock. When APDC is active, its horizontal 
counter is part of the phase control loop; a 


horizontal reference is fed back to the 


SAA5230 via the SAND pin and the vertical 
reference is generated by feeding separ- 
ated composite sync via the VCS pin into 
APDC’s field sync separator. In this mode, 
the display derived from APDC can sync 
with that from a tv source or a local VLP 
(laser disc) player, to allow picture-in-text 
displays, as might be used, for example, in 
the travel industry. 


Previously published as Technical Information 
137, EL.COMA, October 1984. 


September 1985 


a 


Signetics Linear Products 


Application Note 


The 5 Chip Set Teletext Decoder 


Author: D. S. Hobbs 


SYSTEM REQUIREMENTS 

The current 525 line (modified U.K.) 
Teletext system differs in a few respects 
from the 625 line system for which the 
U.K. chip set was designed. These are: 


(a) Data Rate 5.727272Mb/s. 

(b) Data bytes per data line 32. 

(c) Gearing bit system for routing data to 
RAM. 

(d) Approximately 200 display lines 
available for text with normal raster 
geometry. 


These are catered for in the decoder 
described below so that the 625 line 
chip set is presented with signals which 
it can interpret correctly and provide a 
suitable display for general use. 


Data Rate (a) and (b) 

(a) To accomodate the lower data rate 
the clock coil and tuning capacitor in 
the SAA5020 video input processor 
circuit are redesigned. | 

(b) The write enable (WOK) signal from 


TAC (SAA5040) to the RAM is limit- 


ed to 32 data bytes in GALA. 


Gearing Bit System (c) 

This is accomodated in the Gearing and 
Address Logic chip (GALA). Since 40 
characters per row are displayed, where- 
as only 32 are transmitted per data line, 
a routing system is used to position 
character data in RAM as it is received. 


The left hand part of the display is built 
up by 32 byte rows of data positioned in 
RAM by transmitted ROW addresses. 
The right hand side of the display is 
'filled-in' by 4 sequential groups of 8 
characters sent as one data line but 
stored in RAM as the last 8 bytes of 4 
sequential rows. A gearing bit in the 
magazine number/row address group 
(see Table 1) is set to '1' if fill-in informa- 
tion is being transmitted and to '0' if left 


hand rows are sent. The ROW address . 


of the data line containing the gearing bit 
set to '1' determines the starting ROW 
number for the fill-in operation. For ROW 
zero start, a ROW address for ROW 
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number 1 is employed since ROW zero 
can only be used for header information. 
The presence of the gearing bit set = 1 
together with ROW address number 1 is 
detected in GALA. 


From Table 1 it will be seen that the 
gearing bit occupies the position occu- 
pied by the most significant bit of the 
magazine number in the 625 system. In 
order to allow the Teletext Acquisition 
Chip (TAC, SAA5040B) to acquire data 
from such lines the gearing bit is de- 
tected by GALA and converted always 
to zero. This preserves the magazine 
number as that set by the two least 
significant bits. The number of maga- 
zines available using the present decod- 


‘ er is 4. (Subsequent development of 


new chip sets will allow expansion of 
these by using header coding at present 
designated as time coded page informa- 
tion and detected as such by the 625 
line TAC). . 


Display Compression (d) 

In order to allow the display of 40 
characters per row and 24 rows on a 
525 line raster, a compression technique 
has been developed which only requires 
192 active t.v. line pairs (interlaced). The 
character shape is essentially un- 
changed from the 625 line set but the 
row timing is now only every 8 t.v. lines 
instead of every 10. This is achieved 
using a special 525 line standard timing 
chip (SAA5025D), to drive the same 
TROM (SAA5050) as is used in the 625 
line decoder. 


DECODER BLOCK SCHEMATIC 
Diagram 1 shows the basic decoder 
elements in block form, made up of 
dedicated chips SAA5025D, SAA5030, 
SAA5040B, SAA5045 (GALA) and 
SAA5050 together with RAM. These are 
divided into functional areas to simplify 
the decoder description. Only the most 
important inter-connections are shown 
in order to reduce complexity. 


Inputs to the system are the video input 
to the Video Input Processor (VIP) and 
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remote control signals (see Appendix 
'A'), to (TAC) and (TROM). 


Outputs consist of R, G and B, blanking, 
Y and superimpose control. These allow 
flexible interfacing with the t.v. set video 
drive system. (See Appendix B). 


Video Input Processor 
(SAA5030) 

This chip (VIP) performs mainly ana- 
logue functions concerned with extract- 
ing the data signal from the t.v. set video 
and presenting it in a suitable form to the 
Teletext Acquisition Chip (TAC, 
SAA5040B). 


VIP also provides a phase locked crystal 
oscillator at 384MHz horizontal line rate, 
i.e. 6.041957MHz. This frequency is di- 
vided down in the Timing Chip (TIC, 
SAA5025D) to produce ail the line and 
field related timing waveform locked to 
the input video sync pulses. As ancillary 
to this function VIP includes a sync 
separator to provide field rate sync to 
TIC. 


Data is sliced in VIP by an adaptive slicer 
referenced to peak detectors. This is 
followed by Data Clock regeneration in 
an DC circuit. A data latch driven inter- 
nally supplies latched data, correctly 
phased with the Data Clock, to TAC. 


Gearing And Address Logic 
Array (GALA) SAA5045 

Due to the system differences between 
525 and 625 line Teletext the data from 
VIP must be modified before it is pres- 
ented to the Teletext Acquisition Chip 
(TAC, SAA5040B). The presence of a 
gearing bit set to '1' or '0' is detected in 
GALA and the data is delayed for one 
byte period in a shift register. This allows 
the inversion of the gearing bit, if re- 
quired, to avoid confusion in the decod- 
ing of the magazine number (see para- 
graph on Gearing Bit System). 


GALA includes a bistable which is set or 
not set, according to the state of the 
gearing bit. This is held for the duration 
of each data line and reset before the 
next. Also included in GALA are RAM 
address and read/write control func- 
tions. 
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Table 1. Data Line Coding for 525 Line Teletext (U.K. Modified) System Characteristics Current for 
Operating Systems 1982 


CLOCK RUN IN ICLOCK RUN IN| FRAMING CODE MAGAZINE AND ROW ADDRESS 


P 2° p 2! p 22 p 2° p a! p 22 p 23 P 24 Dy Dy Do Dg Dg Ds Dg D7 Do 


DATA RATE 5.727272Mb/s 
(364 H = 8/5 COLOR SC) 
DATA PERIOD = 174.6ns 
H PERIOD = 63.55us 
32 BYTES DATA/LINE 
32/8 SYSTEM 24 ROWS 40 CHARACTERS 


Row Address 1 
Row Address 2 
Row Address 3 
Row Address 4 
Row Address 5 


Magazine 2 
Gearing Bit 


Hamming 
Magazine 1 
Hamming 


Invert Bit 1 
invert Bit 2 
Invert Bit 3 
invert Bit 4 


: Conversion Operation Normal As For 625 
car siih ah natal ay AHS ? Coding When Except Write RAM ENABLE (DATA) 
P Gearing Bit = 1 Limited To 32 Bytes_____ 


VIDEO 1/P 
2.8Vpp DISPLAY 


INTERFACE 


8D01350S 


Figure 1. 5-Chip Decoder Block Schematic 
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Teletext Acquisition and Control 


(TAC, SAA5040B) 

Data from GALA is clocked into TAC, by the 
data clock (5.727272MHz), where it is de- 
coded byte by byte to provide character and 
contro! data for the storage in RAM. Row 
addresses are decoded after Hamming 
checks and issued to the RAM address 
system. A column address clock for writing 
into RAM during data lines (WACK) is also 
generated at byte (character) rate. Parity 
checking is carried out to produce write 
enable pulses (WOK) for each correctly re- 
ceived character to be written into RAM. 


Header (row zero) information is also de- 
coded and Hamming checked in TAC so that 
only the data relating to the page called up by 
the remote control system (Key Pad input of 
required page number) is written into RAM. 
Clearing functions are also controlled by 
Header and Remote Control input data, to 
clear the RAM. 


Selected page number information is written 
into RAM by TAC during an unused t.v. line 
between the end of data entry (DEW) and the 
start of the text display period. When double 
height characters are requested (via remote 
control) TAC issues commands to the timing 
chain (TIC) and display device (TROM). Simi- 
larly the system controls for TEXT or TV or 
MIXED (Text + t.v.), are issued by TAC as 
picture ON (PO) and display enable (DE) to 
VIP and TROM. 


Timing Chain (TIC, SAA5025D) 
The timing of line and field rate functions 
together with display dot clock are derived 
from the VIP crystal oscillator (6.041957MHz) 
signal fed to TIC. This signal is counted down 
to line rate (+384) and field rate, phase 
locked to the incoming t.v. syncs. A compos- 
ite sync waveform (AHS) is also generated 
which free runs (under crystal control) to 
allow display of text to continue after the t.v. 
signal has ended. This is known as ‘after 
hours sync’. 


Row addresses for the display period are 
generated in TIC (Ap through A,) together 
with a column count (character rate) clock 
(RACK). The row addresses are stepped from 
zero to twenty three at one eighth of t.v. line 
rate giving 24 rows at 8 lines/row in each field 
(60 fields/sec.). This address information for 
reading RAM is multiplexed with the writing 
address information under control of a field 
rate signal generated by TIC, called (DEW) or 
data entry window. This is timed to occur on 
t.v. lines 10 through 19 inclusive which are 
the lines in the vertical interval during which 
data is accepted. The DEW signal controls 
data entry in (TAC) and also the address 
tristate switches. 
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Signals fed back from TIC to VIP are used to 
reset the data slicer system and to enable 
rapid phase locking of the crystal oscillator. A 
buffered dot rate clock at crystal frequency is 
issued by TIC to drive the display generators 
in TROM. The display area on the t.v. raster is 
controlled by the (LOSE) signal from TIC 
(load output shift register enable) which oc- 
curs on all active text lines. 


When double height characters are called up 
by control signals from (TAC), originated at 
the Key Pad, the row addresses are stepped 
at half rate and the top or bottom of the 
display is selected by the (T/B) signal. This 
resets the row address counter in TIC to start 
at row zero or twelve of the text display. 


Address Logic (GALA) 

The address logic in GALA contains column 
address counters for the character rate ad- 
dress generation, a multiplexer for address 
combining and an address latch/step func- 
tion for the gearing system. Since the teletext 
address structure for transmission and dis- 
play contains five row address bits and six 
column address bits these must be reduced 
to a total of ten bits to suit conventional RAM 
structures. This is achieved in GALA by 
multiplexing the Row and column addresses. 


During the input of data lines, containing a 


gearing bit set to '1', a multiplexer causes the 


row address to be indexed every 8 bytes. The 
multiplexer is transparent to addresses during 
data lines containing a gearing bit set to zero. 
The row addresses from TAC go to the GALA 
and are multiplexed with the display row 
addresses under control of (DEW), by tri- 
states in Tic and TAC. 


Random Access Memory (RAM) 
Character data from TAC is stored in a page 
display memory with a capacity of 1024 eight 
bit bytes. Of these only 960 bytes of seven bit 
length are actually used. Data is written in 
during acquisition from (TAC) and read out 
during display to TROM, under control of 
write enable and chip select signals, generat- 
ed from the WOK and DE signals from TAC 
via GALA, A common input/output bus struc- 
ture is used in the devices employed in this 
decoder. Conflict of signal direction is avoid- 
ed in the WOK/DE gating arrangement in 
GALA. 


Display Compression (5025D) 

The drive signals from TIC (5025D) to TROM 
during the display period are organized so 
that suitably shaped characters are generat- 
ed by TROM on an 8 tv. line pair per row 
basis. Since TROM is primarily intended for 
10 line pairs per row operation, it is necessary 
to provide effectively 10 drive pulses per row 
per field although output dot data is only 
required on eight of these in each field. The 
compression logic in TIC (5025D) inserts 
additional step pulses during the horizontal 
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sync interval to keep the internal counters in 
TROM in the correct sequence. A further 
operation included is the blanking of the 
display during the same period to avoid spuri- 
ous ‘dots’ on the t.v. tube. Character rounding 
normally employed in the TROM character 
generator is also controlled to obtain the best 
shaped 'compressed' characters. 


Teletext Read Only Memory 
(TROM, SAA5050) 


This device contains the read only memory 
and character generating system which pro- 
duces the text display (and graphics) charac- 
ters. It is controlled by direct input remote 
control signals (Key Pad originated) and by 
transmitted controls via TAC. Timing of the 
display system is controlled by signals from 
TIC and the actual display data is read in from 
the page memory RAM. 


Output signals for R, G, B, Y, Blanking and 
superimpose are available by open collector 
transistor output buffers. These are interfaced 
to the regular t.v. video drive system via 752 
emitter followers in this decoder. However, it 
is simple to obtain outputs at different imped- 
ance levels by changing the emitter follower 
input/output components or by substituting 
TTL buffers with input pull-up resistors. Inter- 
facing will differ for different setmakers but 
the 75Q 1V p-p system is flexible in allowing 
long connections between the decoder and 
the video circuits of the tv. 


FUNCTIONAL LOGIC 
INTERCONNECTION SCHEMATIC 


The complete decoder is built on a double 
side P.C.B. with Molex 0.1” pitch plug con- 
nectors. Supplies required are 150mA at 12V 
and 250mA at 5V +5%. The supply rails are 
decoupled by distributed discrete 100n ca- 
pacitors not shown on the circuit diagram. 
P.C.B. layout is only critical in the analogue 
area surrounding VIP where connections 
must be kept short and ground paths sensibly 
routed. Good video frequency practice is 
followed in this area to ensure minimum 
radiation of interference and suppression of 
local oscillatory effects. 


VIP Circuit 

IC4 the SAA5030 device has a number of 
discrete resistors and capacitors connected 
to it to define operating levels and frequen- 
cies. Tuning capacitors C17, Cig, C5, Cro, 
Ci3 should all be of high grade r.f. tuning 
types. The crystal XT1 is of similar grade to a 
color sub-carrier crystal in that it needs good 
setting stability with the possibility of being 
‘pulled’ by about + 750Hz for phase locked 
operation. 


The center frequency is 6.041957MHz when 
series connected with a load capacitance of 
30pF. Capacitor C7 and coil Lo form a 
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rejector circuit to avoid oscillation outside the 
correct frequency range of the crystal. 


Inductor L; and capacitor C15 form the data 
clock recovery tuned circuit. A coil Q-factor of 
greater than 50 is essential for good clock 
recovery. A component with an unloaded Q of 
90 is commonly employed. The clock coil is 
tuned on test by applying a video signal at pin 
3 of PL3 containing data lines with pseudo 
random data at 5.727272MHz preferably 
throughout the normal display period for ease 
of observation on an oscilloscope. This 
should be connected to pin 18 of VIP. 


The coil is adjusted for minimum jitter of the 
clock falling edge which should occur approx- 
imately at the center of the ‘eye’ pattern 
formed by syncing the source data on anoth- 
er trace of the oscilloscope. For best results it 
is preferable to trigger the oscilloscope from 
the data clock of the generator used to form 
the test data. 


Phase Locking Adjustments For Sync 
The series tuning capacitor Cig is used to 
adjust the center frequency of the crystal 
oscillator which determines horizontal (line) 
frequency phase lock, whereas Rjo is adjust- 
ed for field sync lock. 


The crystal circuit is adjusted first whilst 
observing an input video signal at pin 3 of PL3 
together with a line frequency signal such as 
that on VIP pin 5 (‘sandcastle waveform’). 
Connect pin 1 of VIP direct to the 12V rail, 
which allows the oscillator to free run, and 
shunt the filter capacitor C, with a 5.6MQ 
resistor (this gives a preferred initial offset). 
Cig is then adjusted to obtain a stationary 
relationship between the two signals. Re- 
move the test connections from pin 1 of VIP 
and C; when the two waveforms should 
remain solidly locked in phase. 


Field sync adjustment can then be carried out 
by adjusting R19 whilst observing the output 
of (FS) at pin 13 of VIP together with the field 


sync of the incoming video. When correctly 
adjusted, the rising edge of (FS) should be 
half way along the second broad pulse of the 
field sync pattern of the input video. This 
adjustment is important to ensure the correct 
selection of data lines in the vertical interval 
by the (DEW) signal. Field lock in the wrong 
position may cause the loss of one or more 
data lines. 


The adjustments of the decoder are now 
complete, all subsequent areas of operation 
are controlled by digital systems. 


input And Output Requirements Of VIP 
The video input from the t.v. should be 2.8V 
p-p at pin 3 of PL3 and its DC level not 
greater than 7 volts. If higher, the electrolytic 
capacitor Cs (1) may be reverse biased and 
cause maloperation of the DC restoration 
circuit in VIP. 


Sync Output Signals 

The t.v. set may be synchronized via VIP if a 
synchronized display is required from (AHS) 
when the tv. signal disappears. This is ob- 
tained from pin 2 of PL3. The polarity can be 
set by connecting resistor R; (1k5) via link 
(LPI) to + 12 volts or zero volts for negative or 
positive going syncs respectively. 


TAC (SAA5040B) 

Data from GALA is clocked into TAC pin 2 by 
the data clock at pin 3, also from GALA. 
When correct data is received write enable 
pulses are issued from pin 15 (WOK). This is 
an indication that Hamming codes and parity 
are correct. Data is output in parallel from 
pins 16 through 22 to RAM, whilst row ad- 
dress Ao through A, are supplied by pins 
23 - 27. 


internal Data Writing To RAM 

Selected page numbers, called up by the 
remote control Key Pad input, are written into 
the row zero position in RAM together with 
indications such as 'HOLD' and timed page 
‘time’. This function occurs during t.v. line 
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number 37 only. At this time the display 
enable (DE) output pin 9 is held low and WOK 
pulses are emitted at pin 15 in two groups of 
8, corresponding to the first and last eight 
character spaces in row zero. Since this 
function occurs outside of the (DEW) period 
the column counters are driven by read ad- 
dress pulses (RACK) from TIC. 


Character Generator, TROM 


(SAA5050) 

The character generator i.c. (SAA5050) re- 
ceives data from RAM during the display 
period (t.v. lines 48 to 239 inclusive) and 
internally decodes the data to generate char- 
acters or control functions. TROM receives 
direct remote control information on pins 3 
(DATA) and 11 (DLIM) which control such 
functions as MIX (T.V. + text), conceal/re- 
veal. 


Control of display on/off (DE) and double 
height are received from TAC on pins 28 and 
15 together with picture on (PON) pin 27. 
TROM outputs control signals to TIC from pin 
16 when ‘Transmitted Large Characters’ 
(TLC) are called up by transmitted data 
codes. 


The video output of TROM consists of R, G 
and B signals at pins 24, 23 and 22 (open 
collector) and a Y signal pin 21 (open collec- 
tor). Blanking is obtained at pin 25 (open 
collector) to switch the t.v. video on and off 
under control of signals decoded in TROM. 


Superimpose signals from pin 2 are used to 
modify the contrast setting of the t.v. video 
when MIX mode is called up (by remote 
control or News Flash). This output pin must 
be connected via a pull-up resistor of 10kohm 
to the +5V rail whether its output is used or 
not. 


The R, G, B, Y and Blanking output buffers 
will drive interface circuits directly if required 
provided that the open circuit output voltage 
does not exceed 13.2 volts maximum. 
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Author: Nabil G. Damouny 


ABSTRACT 

The new generation teletext decoder, 
unlike its predecessor introduced in 
1976, is user programmable under the 
control of a general purpose microcom- 
puter or microprocessor. The new de- 
coder is programmable to operate in the 
Vertical Blanking Interval (VBI) or full 
field teletext mode of operation. It can, 
simultaneously, acquire multi-pages re- 
sulting in a much faster system response 
time. : 


The new teletext decoder is IC bus 
controlled; therefore it is easy to inte- 
grate into any digitally controlled |2C bus 
system. The modular nature of the IC 
bus architecture allows the system de- 
signer to add to or delete from his or her 
system various function blocks. The tel- 
etext decoder can be treated as one of 
these blocks. 


INTRODUCTION 

Integrated Circuit (IC) technology has 
marched a long way since the advent of 
the first generation teletext decoder in 
1976. Some improvements and new fea- 
tures can now be economically incorpo- 
rated in the second generation decoder 
while keeping the chip count even lower 
than its first generation counterpart. 


The new generation teletext decoder is 
microcomputer (or microprocessor) con- 
trolled. It is user programmable and 
therefore more flexible and friendlier to 
use. Today, virtually every system is 
microprocessor controlled. The micro- 
processor controls various special pur- 
pose peripheral chips, each controlling 
one or more functions of the overall 
system. One of these peripheral chips 
can control the television tuning function 
while another chip can control the tele- 
text acquisition and display function. The 
system can be designed in a modular 
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fashion so that modules performing dif- 
ferent functions can be added to or 
deleted from the system with minimal 
effort. 


The Inter-IC (I?7C) bus has been de- 
signed to achieve modularity. Bus inter- 
facing problems are eliminated by inte- 
grating all the necessary bus handshake 
logic in the on-chip silicon. The I?C bus 
is a serial bus consisting of two bidirec- 
tional lines: the Serial Data (SDA) line 
and the Serial Clock (SCL) line. 


THE NEW GENERATION 
TELETEXT DECODER 

The new generation teletext decoder 
consists of a super data slicer (the Video 
Input Processer - VIP), the teletext con- 
troller chip, multi-page memory, and a 
general purpose microcomputer. (See 
Figure 1.) 


The microcomputer communicates with 
the teletext controller via the I@C. The 
microcomputer can be either a master or 
a slave; the teletext controller chip is a 
slave-only device. 


The new teletext controller is an I@C 
peripheral and belongs to the large 
"CLIPS" family. The new I°C teletext 
decoder can be integrated in a system 
where a single microcomputer is used. 
The microcomputer is the only master 
and controls other system functions in 
addition to the teletext decoder, simulta- 
neously. (See Figure 2.) On the other 
hand, since I2C bus concept allows mod- 
ularity, a multi-master system can be 
easily implemented. (See Figure 3.) 


In the single master system, the system 
designer should allow for possible future 
software (and, consequently, memory) 
expansion. This is necessary to allow 
future system expansion. In the multi- 
master case, only one microcomputer is 
shown to receive and decode remote 
control commands. This microcomputer 
will then communicate the different com- 
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mands to other microcomputers via the 
I7C bus. 


Microcomputers with built-in I@C bus in- 
terface are available today. The instruc- 
tion set is based on that of the industry 
standard 8048 microcomputer family. 


The New Teletext Decoder 
Acquisition Circuitry 

The teletext decoder accepts as input a 
composite video baseband signal. This 
signal is readily available in a TV set (to 
be discussed later). Digital data is insert- 
ed in the Vertical Blanking Interval (VBI) 
or into, virtually, all available TV lines 
(full field). The acquisition circuitry can 
be programmed to operate in the VBI or 
in a full field mode. Fuil field teletext is a 
useful feature contributing to a very fast 
system response time but, obviously, 
does not permit any video information to 
be transmitted. 


Since high speed teletext digital data 
(data rate is 6.93MHz in Europe and only 
5.72MHz in North America due to band- 
width limitation) is transmitted via broad- 
cast information, a high performance 
data slicer is essential to have at the 
receiving end. 


The video input processor should have 
good data slicing capability in the pres- 
ence of echoes, noise, and co-channel 
interference. The device should provide 
compensation for high frequency losses 
and be able to regenerate the clock from 
the digital data. The digital data can 
have different rates, as mentioned 
above. Other desirable features that the 
video input processor might have in- 
clude: providing a mechanism by which it 
is easy to lock to a VCR; having a 
minimal number of external compo- 
nents/adjustments required; being able 
to accept many levels of peak-to-peak 
amplitudes of the composite video input; 
and last, but not least, consuming low 
power. 
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Figure 1. Computer Controlled Teletext (CCT) Decoder Block Diagram 
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Figure 2. Centralized Control Structure 
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Figure 3. Distributed Control Architecture 


Digital data and its associated clock (Figure 
4) can now be presented by the video input 
processor in a nice clean form to the teletext 
controller chip. 
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The teletext controller is looking for the page 
addressing information, imbedded in the page 
header - row number 0 - to find a match with 
the pre-specified page number requested by 
the user via the remote control keypad. When 
a page address match is found, this page is 
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captured and stored in page memory. In order 
to speed up the system response time and to 
make it friendlier to use, the acquisition cir- 
cuitry is designed to capture four teletext 
pages simultaneously. Four independent ac- 
quisition circuits co-exist on the teletext con- 
troller and are able to capture four pages 
simultaneously. The four acquired pages can 
be specified, by the user program, to be the 
requested page plus the next three sequential 
pages or the requested page plus the next 
three linked pages as specified by the linking 
information received in ghost row number 27. 


The teletext controller can then support up to 
8K bytes of memory. If ghost rows are to be 
received and decoded for, 2K bytes of memo- 
ry will be needed per teletext page. 


The new acquisition circuitry can be pro- 
grammed to receive the normal 7-bit plus one 
parity bit or 8-bit byte data. This is useful 
when a more sophisticated error correction 
scheme (such as CRC) needs to be imple- 
mented. The 8-bit mode is also instrumental 
in implementing the ''telesoftware" concept. 
Through telesoftware, computer programs 
can be down-loaded and acquired as teletext 
information. 


It is worth noting that the fixed format, World 
System Teletext, is virtually error free. This is 
due to the simple fact that a one-to-one 
correspondence exists between transmission 
codes, acquisition memory, display memory, 
and the actual display position on the screen. 
Due to the fact that teletext information is 
being constantly cycled through the system, 
an error received during one cycle can be 
automatically corrected during a subsequent 
cycle. 


The New Teletext Decoder 
Display Circuitry 


Since four pages can be acquired and stored 
in the acquisition memory simultaneously, but 
only one page can be displayed at a time, a 
display chapter register, residing on the tele- 
text controller chip, is user programmable to 
select which acquired page is to be displayed. 
The display memory is, physically, the same 
as the acquisition memory. Ghost rows are 
not displayable and the display consists of 25 
rows, (the 25th row contains locally generat- 
ed status information), 40 characters each. 
The character cell occupies a 12x10 dot 
matrix, giving nicely shaped characters at 
12MHz dot rate. The display could be inter- 
laced or non-interlaced. 


There are four control functions that can be 
individually turned on or off under user soft- 
ware control. These are: TV picture, text, 
background, and contrast reduction. Boxed 
text information in a TV picture can be dis- 
played by specifying the ''Start box'"’, ''End 
box'' control characters. 
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The teletext controller provides RGB outputs 
as well as a blanking output and a contrast 
reduction output. These outputs can be used 
as they are or a video buffer stage can be 
added. (See Figure 4.) This stage consists of 
emitter followers and clamping diodes. The 
diodes clamp the upper voltage values to a 
potential suitable for the particular TV receiv- 
er's contrast control. The blanking output is a 
combined box and dot blanking (full screen). 
The contrast reduction output is used for 
implementing more readable mixed (text over 
video) displays or to implement subtitles in 
reduced contrast boxes. 


If a composite video display is desirable, a 
single chip multi-standard color encoder is 
available to produce PAL or NTSC compati- 
ble displays. 


It is important to note that the new teletext 
decoder provides a secure means to synchro- 
nize the incoming video with the resulting 
text/video display. In addition, the decoder 
generates a composite sync signal that is 
suitable for driving the display time base. 


THE I2C BUS — GENERAL 
CONCEPT 


Many system applications do not require very 
fast data transfer offered by the traditional 
parallel schemes. 


As shown in Figure 5, a typical microcompu- 
ter controlled television receiver using a par- 
allel bus type architecture implies a large 
number of interconnects, devices with a large 
number of pinouts and a bigger layout area. 
Since many applications do not necessarily 
need the speed offered by parallel bus type 
architecture, an economical, easy to imple- 
ment solution can be used. Figure 6 depicts 
the television receiver block diagram de- 
signed around the 2-wire I?C serial bus. 


Many devices have been implemented with 
on-chip I?C bus interface logic. These devices 
communicate through the 2-wire serial bus. 
The system designer will no longer worry 
about the communication interface between 
the different blocks in his or her system and 
can now concentrate on the more important 
issues: the function/system requirements. 
Devices with built-in I2C bus interface can be 
added to or deleted from the system by 
simply ''clipping'’ them to the common 2-wire 
bus. The only limitation is the bus capaci- 
tance of 400pF. Hence a collection of these 
devices is known as ''CLIPS". 


The |°C bus consists of 2 bidirectional lines, 
the Serial Data (SDA) line and the Serial 
Clock (SCL) line. Devices with built-in \7C bus 
interface can be implemented in any technol- 
ogy, i.e. NMOS, CMOS, I7L, TTL, etc. These 
devices are connected together (wired-AND) 
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Figure 4. Teletext Decoder - Detailed Block Diagram 
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Figure 5. Conventional Microcomputer Controlled TV Receiver Block Diagram 
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Figure 6. Block Diagram TV Receiver IC Based 


to form an I?C bus-based system, provided 
that they all exhibit an open collector output 
at each of their respective SDA and SCL 
lines. 


The I7C bus concept allows a flexible master/ 
slave relationship to exist. A device master 
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during the present bus cycle can be a device 
slave during the following bus cycle. 


An I?C bus cycle starts with a START condi- 
tion. (See Figures 7 and 8.) A 7-bit device 
(slave) address is then sent followed by a 
single bit to determine the direction of the 
data transfer. A ninth clock pulse is then 
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generated by the master device to allow the 
addressed receiver to acknowledge reception 
of this byte. Now any number of 8-bit data 
transfers can take place with the receiver 
acknowledging each byte after it has been 
received. At the end of the data transfer, the 


device master generates a STOP condition. 


The |?C bus uses the wired-AND concept to 
achieve clock synchronization and proper 
arbitration between different device masters 
in the system. If two device masters start 
bidding for the bus simultaneously by gener- 
ating the start condition, they will both be 
driving the SDA and the SCL lines. Clock 
synchronization is easily achieved through 
the wired-AND connection. The resulting 
clock will have a LOW period determined by 
the device master with the longest clock LOW 
period. The HIGH period of the resulting clock 
is determined by the device master with the 
shortest clock HIGH period. 


Arbitration procedure in an I?C bus system is 
also easy to implement. Keep in mind that all 
devices are wire-ANDed and that a master 
device driving the SDA line will sample that 
line during the same clock period. In Figure 9 
master device 1 is driving the data line HIGH 
but the resulting SDA line is LOW (due to 
master device 2) and so transmitter 1 loses 


arbitration, after detecting that condition, and | 


prepares itself as a slave that could be 
addressed during this very same cycle. Note 
that no time is wasted for the arbitration 
procedure since both address and data infor- 
mation is used to determine the winning bus 
master. 


It is very comforting to know that all of the 
functions above have been implemented on 
all of the "CLIPS" peripherals. This allows 
system designers to implement modular ar- 
chitectures and build systems around the 
various available function blocks. Each func- 
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_ tion block, in its simplest form, can be one of 


the ''CLIPS'" peripherals. 


TELETEXT DECODER - SYSTEM 


INTEGRATION 


Tv Receiver With Built-in 


Teletext Decoder 

Teletext decoders, in general, can be easily 
integrated into TV receivers. In reality, TV 
receivers can be considered a natural home 
to house teletext decoders. The input to the 
teletext decoder is composite video, base- 
band signal which is already available at the 


NUMBER OF, 1 
BITS 


output of the demodulator stage in a typical 
TV receiver. (See Figure 10.) The output of 
the teletext decoder consists of RGB signals, 
blanking and contrast reduction/control sig- 
nals. The signals are of open collector type 
and can be easily manipulated. A simple 
video output circuit might be needed at the 
output of the teletext decoder, the purpose of 
which is to provide the buffer/drive capability 
and the appropriate voltage level control 
suitable for the TV receiver under consider- 
ation. These signals can then be combined 
with the existing RGB and contrast control 
signals available at the output of the TV video 
amplifier stage. 
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Figure 7. Typical 12C Data Transfer 
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Figure 8. Acknowledgement On The IC Bus 
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Figure 9. IC Bus Arbitration Procedure Of Two Masters 
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In Figure 10, the digital portion of the TV 
chassis is depicted to be l2C controlled. 
Some of the function blocks can be imple- 
mented with a single chip belonging to the 
"CLIPS" peripheral set. For example, the 
tuning function, as well as controlling the 
various analog signals, is implemented using 
one of the ''CLIPS'' peripherals. Non-volatile 
serial memory devices (IC bus compatible) 
as well as LCD display drivers are readily 


DIVIDED 
FREQUENCY 


DIGITAL TUNING 
AND 
ANALOG CONTROL 


MICRO- LOCAL 
COMPUTER KEYBOARD 


REMOTE 
CONTROL 


ANTENNA 
(FOR CABLE) 


available and can be, as explained earlier, 
clipped to the I?C bus. 


Teletext Decoder As A Set-top 
Adapter 


Teletext service can be incorporated in exist- 
ing TV receivers through the addition of a set- 
top adapter. The set-top adapter concept is 
familiar through the use of the CATV cable 
converter boxes. The set-top adapter con- 
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cept will offer the average consumer teletext 
and cable TV service as well as a remote 
control feature. This is true even though his or 
her existing TV is, at present, not remotely 
controlled. 


Figure 11 depicts a set-top adapter block 
diagram. The switch can be used to inhibit the 
teletext feature, if necessary. On the other 
hand when switching at high speed, this 
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Figure 10. TV Receiver Block Diagram 
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Figure 11. Teletext Set-Top Adapter 
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switch can be used to implement a Super: 
posed text over video feature. 


SUMMARY 

The newly introduced teletext decoder is 
discussed. The decoder is microcomputer 
controlled so it is user programmable. The 
teletext controller chip belongs to the diversi- 
fied number of !@C bus peripherals, known as 
"CLIPS", and therefore can be easily inte- 
grated in an IC bus controlled digital system. 
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The new decoder performs well under poor 
signal conditions, it can work in either VBI or 
full field mode, it offers an easy, effective way 
to implement the ''telesoftware" concept, it 
can acquire multi-teletext pages simulta- 
neously resulting in a fast system response 
time and is capable of displaying interlaced or 
non-interlaced type displays. In addition to all 
of the above, the new teletext decoder is 
easy to integrate into a TV receiver or as a 
set-top adapter. 
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Until now, communication between machine and man has 
mainly been in sign language from visual displays, audible 
communication being restricted to cries of alarm emitted by 
beepers, hooters, bells and buzzers. Voice communication 
has been impractical because analogue storage of speech re- 
quired the use of moving parts, e.g. tape drives, which un- 
duly prolonged the retrieval time, and digital storage of 
speech required handling an enormous number of bits. The 
development of speech synthesis techniques (Fig.1) has 
dramatically reduced the bit rate and the memory required 
for digital speech synthesis so that it is now economically 
feasible to open a wideband voice channel between machine 
and man. Such a channel is provided by our totally-digital 
integrated voice synthesizer MEA8000. 


FEATURES OF THE MEA8000 


— interfaces easily with most 8-bit microprocessors and 
microcomputers 
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4 kHz speech bandwidth 


— can generate melodies 
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— bit rate from 500 to 4000 bit/s thanks to a variable 


speech frame duration 


— synthesis occupies a very small percentage of the control 


processor’s time 


— 8th-order digital filter with three programmable formant 
frequencies, one fixed formant frequency and four pro- 


grammable formant bandwidths 
— operates with standard PROMS 


— requires minimal external audio filtering 


— timing: crystal-controlled internal oscillator or external 


TTL clock 
— dynamic NMOS technology 


— 30mA current consumption (typ.) from one +5 V supply 


— 24-pin plastic DIL package. 


Part of a demonstration board incorporating the MEA8000 
voice synthesizer and an integrated audio output stage 
TDA1011. The MEA8000 uses the technique of vocal tract 


modelling to generate quality speech from digital code. 
Formant synthesis, a variation of linear predictive coding 
(LPC), is used to control the electronic model representing 
the human speech production mechanism. Formant synthesis 
has all the advantages of LPC plus a lower bit rate than 
straight LPC for the same speech quality. 
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Fig.1 The development of speech storage methods. In stages 1 and 2 
(waveform coding), the actual speech waveform is stored, the digital 
approach (stage 2) requiring a very large memory. In stages 3 and 4, 
a much smaller memory is required, because redundant speech infor- 
mation is eliminated and only the essential characteristics of the 
speech sounds are stored. This voice ‘score’ is then used to control a 
voice generating instrument (speech synthesizer). In stage 4, the 
method used in the MEA8000, formant coding allows further 
reduction of the required bit rate. 


PRINCIPLES OF FORMANT SPEECH 
SYNTHESIS 


Figure 2 shows the human speech mechanism. To produce 
speech, the lungs build up air pressure like a pump. This 
increasing pressure causes the initially-closed vocal cords to 
open. As a result, pressure drops, the vocal cords close and 
pressure builds up again. This mechanism excites the vocal 
tract with a periodic train of sawtooth pressure pulses. 
Sounds generated in this way, e.g. the vowels A and E, are 
called voiced sounds. Voiced sounds contain a lot of harmo- 
nics which fall off at about 12 dB/octave. The frequency of 
this periodic signal is commonly referred to as pitch. 


The vocal tract can also be excited with the vocal cords 
always slightly open, so that air passes continuously through 
them, causing turbulence in the vocal tract. Sounds 
generated in this way, for instance the sibilants, are called 
unvoiced sounds. 


All speech is derived from either a periodic or a noise 
source, i.e. a voiced or an unvoiced source. During speech, 
the source and its amplitude are always varying, sometimes 
quite rapidly. 


Situated above the vocal cords are the pharyngeal, oral and 
nasal cavities which shape the spectrum of the generated 
sounds. The nasal cavity is accessed via the velum. Like all 
other synthesizers, the MEA8000 does not simulate the 
velum and the nasal cavity, so their functions are not 
separately represented. Consequently, for speech synthesis, 
the vocal tract can be analysed as if it were a tube of 
constant diameter, Fig.3. 
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Fig.2 The human speech production mechanism. 
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Fig.3 Resonance of a cylindrical tube. 
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Fig.4 Frequency response of a cylindrical tube. 


This tube is almost closed by the vocal cords at one end 
and is open at the other where mouth radiation takes place. 
The frequency response of the tube is characterized by a 
number of equally-spaced resonances at frequencies given 


by: 


f(n) = etn forn=1,2,3,4... 


where 1 is the tube length in metres. 


These resonant frequencies are called the formants of the 
vocal tract. Within a 4kHz bandwidth, as used in the 
MEA8000, four formants are present for a male voice 

(1 + 0,175) and three for a female voice due to a woman’s 
shorter vocal tract, see Figs.3 and 4. 


During speech, the shape of the vocal tract is constantly 
changing. When an E is pronounced, for example, the 
pharyngeal cavity is large while the oral cavity is small. This 
increases the frequency of the second formant. When an A 
is pronounced, the situation is reversed, reducing the 
separation between the first and second formant, see Fig.5. 


Each formant is further characterized by its bandwidth. The 
first two or three formants are the most important for 
intelligible speech; the MEA8000 generates and shapes four. 
The first three have adjustable frequency and adjustable 
bandwidth; the fourth has a fixed frequency of 3500 Hz 
and adjustable bandwidth. 
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Fig.5 (a) Pronouncing E; (b) Pronouncing A. 
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Fig.6 Simple electronic model of the human speech 
production mechanism. 


Figure 6 shows a simplified electronic model of the human 
speech production mechanism (i.e. a formant synthesizer). 
A combination of a periodic signal, representing the pitch 
of the original speech, and an aperiodic signal, representing 
the unvoiced sound in the speech, is fed to a variable filter 
comprising four resonators, via an amplifier which controls 
the amplitude of the synthesized sound. The resonators 
model the sound in accordance with the formants in the 
original speech. Each resonator is controlled by two param- 
eters, one for the resonant frequency and one for the band- 
width. The information required to control the synthesizer is: 
— pitch | 

excitation source 


— amplitude 
(vocal cords) 


— voiced/unvoiced source selector . 


— filter settings spectrum shaping 
(vocal tract) 


A good replica of the original speech is obtained by periodic 
updating of this control information. 


In the MEA8000, each formant is simulated by a second- 
order digital filter, comprising three multipliers, an adder 
and two delays (Fig.7). The resonant frequency and band- 
width are set by assigning different values to the multipliers 
A, B and C where: 


A=1—B—C for unity gain 


B = 2/—C cos 27fo/fs _ sets the formant frequency 
(fp is the resonant frequency, 
f; is the sampling frequency) 


C = —exp (—2rb/fs) sets the 3 dB bandwith b. 


The filter of Fig.7 can be modified slightly to give explicit 
expressions for bandwidth and resonant frequency, see 
Fig.8. To simulate four formants, four such filters are 
cascaded, see Fig.9. 
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Figure 10 shows the complete formant synthesizer. As too. This is why all input parameters controlling the syn- 
mentioned earlier, the jaws, tongue and lips are constantly thesizer need regular updating. In the MEA8000, the 
moving during speech. In addition, the pitch and amplitude standard updating period is 8 ms. 


are constantly changing and the type of source can change Speech parameters are determined using the LPC en- 


coding algorithm on sampled speech data. This involves 

7291016 sampling the speech waveform and passing the 
samples through a digital analysing filter to obtain an 
‘inverse’ voice spectrum. From this spectrum, it is possible 
to extract the centre frequencies and bandwidths of the 
four formants that represent the vocal tract resonances up 
to 4kHz. From the formants, the coefficients of the digital 
filter in the MEA8000 which control the electronic vocal 
tract can be set to give faithful reproduction of the original 
0 500 1000 1800 recorded speech. The advantage of formant encoding over 

ae LPC encoding is a lower bit rate for equal speech quality. 


(a) (b) 


Fig.7 (a) Second-order digital filter and (b) its frequency response 
for: a formant centre frequency fy = 500 Hz (A = 0,15); a 3 dB si 

bandwidth b = 100 Hz (B = 1,77); and a sampling frequency pitch increment 
f, = 8 kHz (C = —0,92). 
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B= 2cos27 fy/f, 


C* exp(—2nb/ fy) Fig.10 Formant synthesizer. 


Fig.8 Modified digital filter. 


7 : . amplitude 
Fig.9 Spectral shaping using four cascaded filters. ILI 
The fourth filter has a fixed resonant frequency . 7291036 
of 3500 Hz. frequency 
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MEA8000 BLOCK DIAGRAM 


Figure 11 is a block diagram of the MEA8000. Speech codes 
from external ROM are sent to the synthesizer and converted 
to the parameters controlling the formant synthesizer. The 
output of the formant synthesizer is converted to an analogue 
signal, ready for amplification and filtering. 


Formant synthesizer 


The periodic and noise sources and the four formant resona- 
tors actually consist of a 16-bit multiplication and addition 
unit which calculates the voice samples at a rate of 8 kHz. 
The synthesizer is controlled by eleven parameters repre- 
senting pitch, pitch increment (rate of pitch change) for 
voiced operation or noise selection for unvoiced operation, 
amplitude, four filter centre frequencies and four filter 
bandwidths. 
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A second-order digital filter is used to simulate each formant 
resonator. To simplify the ROM containing the filter coeffi- 
cients, we have used three multipliers in the digital formant 
filters (see Fig.8) so that each bandwidth and each centre 
frequency are determined by only one filter coefficient. 


Output circuit 


The 16-bit samples from the formant filter bank are trun- 
cated to 11-bits before entering the interpolation and 
digital-to-analogue circuitry. This circuitry combines pulse- 
width and current modulation techniques to perform the 
dual functions of 8-bit DAC and linear interpolator, the 
latter generating seven additional samples between each 

8 kHz sample from the formant filter bank. The sample rate 
of the DAC is therefore 64 kHz which is far above the 
audible frequency range, allowing the use of a simple 
external audio filter. 
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Fig.11 Block diagram of the MEA8000. 
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Input data handling, speech code format and 
parameter quantization 


Since the human vocal tract is a mechanical system, its 
characteristics change quite slowly during the formation of 
voice sounds. It has been found that the speech synthesizer 
control parameters can be adequately represented if they 
are updated once every few tens of milliseconds with linear 
interpolation during the intervals to ensure a smooth 
changeover from one set of parameters to the next. In the 
MEA8000, the updating period (called a speech frame) can 
be set to 8, 16, 32 or 64 ms. 


The duration of a speech frame must be long enough for it 
to contain sufficient speech samples to allow the speech 
parameters to be calculated, yet short enough to isolate 
changes of the parameters. Using a long speech frame when 
the utterance is either not changing, or changing linearly 
means that intelligible speech can be created using average 
bit rates of about 1000 bit/s. 


During voice output, the speech codes from a microcompu- 
ter or external ROM are transmitted on an 8-bit data bus to 
the DATA port of the MEA8000 in blocks of four bytes, 
each block characterizing a speech frame, see Fig.12 and 
Table 1. Byte four contains a 5-bit pitch increment code 
which can be positive or negative. However, when the syn- 
thesizer starts to talk, a preliminary byte containing the 
full starting pitch code must be transmitted. This byte goes 
directly to the pitch generating circuitry via the input 
interface. This method of encoding pitch contributes to a 
lower bit rate. 
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Fig.12 Format of a speech frame. 


After the starting pitch code, the codes of each speech 
frame are shifted into a four-byte input buffer (when 

AO = 0), before being translated into control parameters by 
the code-to-parameter ROM. The parameter interpolation 
logic calculates the difference between consecutive param- 
eters and interpolates linearly between them to smooth the 
parameter transients. The interpolation interval is decoded 
using the two frame duration (FD) bits in each speech 
frame. 
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TABLE 1 Speech frame bit allocation. 


code bits parameter 

PI 5 pitch increment or noise selection 
FD 2 speech frame duration 
AMPL 4 amplitude 

FM1 5 frequency of 1st formant 
FM2 5 frequency of 2nd formant 
FM3 3 frequency of 3rd formant 
BW1 Z bandwidth of 1st formant 
BW2 2 bandwidth of 2nd formant 
BW3 2 bandwidth of 3rd formant 
BW4 2 bandwidth of 4th formant 


FM4, the frequency of the fourth formant, is fixed. 


MEA8000 EDITING SYSTEM 


During speech encoding, digitized speech samples from a 
recorded voice are analysed by a computer to produce speech 
codes which, after manual editing, are stored in PROM. These 
codes are applied to the synthesizer which translates them 
into the pitch, amplitude, voiced/unvoiced source and filter 
control information required to reproduce the original speech. 

in order to obtain the lowest possible bit rate and the 
highest possible speech quality, any voice synthesizer needs 
an editing system. Present editing systems for both waveform 
analysis and LPC synthesizers have the severe disadvantage 
that the speech to be edited is usually displayed on a screen 
in the form of complex tables of coded parameters. It is a 
specialized task to edit these parameters, because the editor 
must know what the codes mean before he can start. In our 


editing system, the synthesized speech is displayed on a screen 
as a waveform instead of as codes. Speech editing is so simpli- 
fied by this method that the entire speech editing process 
be learnt in a day. At present, speech encoding and editing 
for the MEA8000 is a service that we provide. A stand-alone 
speech editing system will be included in a popular type of 
personal computer available in autumn 1983. 
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The pitch increment code goes directly from the buffer to The speech code parameters are shown in Table 2. Fig.13 
the parameter interpolation logic. One of the pitch incre- shows the beginning of a stream of speech codes for the 
ment codes, 100007 (1619), does not change the pitch, and utterance ‘s’. The starting pitch is 98 Hz (represented by 
is used to select the voiced or unvoiced source. H31) and 104 ms of speech are represented by these codes, 


since the FD bits indicate speech frames of 32, 64 and 8 ms. 
The average bit rate of this utterance would therefore be 
about 1000 bit/s. Note, a common speech frame of 8 ms is 
used initially, this being changed if necessary during editing. 


The outputs of the interpolation logic control the aforemen- 
tioned synthesizer functions of pitch, amplitude, voiced/ 
unvoiced source selection and filter formants. 


TABLE 2 Speech code parameters when using a clock frequency of 3,84.MHz. 


decimal hex. FD pitch PI : FM1 FM2 FM3 BW 
code code (ms) (Hz) (Hz/8 ms) amplitude (Hz) (Hz) (Hz) (Hz) 
0 00 8 0 0 0 150 440 1179 726 
1 01 16 2 1 0,008 162 466 1337 309 
2 02 32 4 2 0,011 174 494 1528 125 
3 03 64 6 3 0,016 188 523 1761 50 
4 04 8 4 0,022 202 554 2047 
5 05 10 5 0,031 217 587 2400 
6 06 12 6 0,044 233 622 2842 
7 07 14 7 0,062 250 659 3400 
8 08 16 8 0,088 267 698 
9 09 18 9 0,125 286 740 
10 0A 20 10 0,177 305 784 
11 OB 22 11 0,250 325 830 
12 0C 24 12 0,354 346 880 
13 OD 26 13 0,500 368 932 
14 OE 28 14 0,707 391 988 
15 OF 30 15 1,00 415 1047 
16 10 32 noise 440 1110 
17 11 34 —15 466 1179 
18 12 36 —14 494 1254 
19 13 38 —13 523 1337 
20 14 40 —12 554 1428 stirs 
21 15 42 —11 587 1528 
22 16 44 —10 622 1639 9 
23 17 46 —9 659 1761 
24 18 48 —8 698 1897 
25 19 50 —7 740 2047 
26 1A . 52 —6 é 784 2214 
27 1B 54 —5 830 2400 
28 1C 56 4 880 2609 
29 1D 58 —3 932 2842 
30 1E 60 —2 988 3105 
31 1F 62 —1 1047 3400 
49 31 98 
255 FF 510 


The frequency of FM4 is fixed at 3500 Hz. The BW (bandwidth) column applies to all four filters. For exact values of pitch and 
pitch increment, multiply the values given above by 1,024. 
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starting speech 
pitch byte 1 byte2 byte3 byte 4 fear 
31 05 D2 FE 50 1 Fig.13 (a) Beginning of a stream of speech codes in hexadecimal 
OA D7 FE 70 2 notation; (b) binary representation of the codes shown in (a); 
1A D8 ES 90 3 (c) parameter values of the speech codes in (a) and (b). 


fa) 


| byte 1 byte 2 byte 3 byte 4 eet 


00 00 01 01 110 10010 11111 110 10000 
00 00 10 10 110 10111 11111 110 10000 2 
00 01 10 10 110 11000 11110 101 10000 3 
(b) 
BW1 BW2 BW3 ~~ BW4 So FM1  AMPL. FD PI — 
rame 

726 726 309 309 2842 1254 ; i 1 

726 726 125 125 2842 =: 1761 ‘ i 2 

726 309 125 125 2842 1897 : i 3 

(c) 
CONTROL 
Control inputs 
The inputs CE, W, R/W and AO, together with the REQ 
output pin which signals a request for speech codes, are ce \_rean [write ( 
used to control the transmission of codes to the synthe- W-o 
sizer and to set the synthesizer’s operating mode. R/W / 
The functions of the control inputs are: is) 7286359 
CE enables the circuit 
W controls the writing of data 
R/W controls the reading/writing of data 
AO when AO=0, the input buffer is addressed, fiw \ pean fT 
when AO = 1, the command register is addressed. CE=0 

Table 3 is the control input truth table. The control inputs 7 — 
can be used in many combinations to allow simple inter- © a 7286353 
facing of the MEA8000 to a variety of host processors. 
Figure 14 shows two ways of interfacing the MEA8000 to 
most popular microcomputers. Read and write timing are Fig.14 (a) Chip enable (CE) used as a read or write strobe; | 
shown in Figs.15 and 16 and Table 4. (b) separate read and write strobes. 
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TABLE 3 Control input truth table. 


CE Ww R/W AO operation 

0 0 1 0 write data 

0 0 1 1 write command 

0 X 0 X read status 

0 1 1 X three-state data bus 
1 Xx X X 
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Fig.15 Read timing. 


CE used 
as strobe 


i. ae 
= R/w 
W used 
as 
write strobe 
CE=0 Se 
, — 


—h tas 


i, 
DO-D7 ie. 
Bre 
data write REO 
—! trv le <— 'RN —> 
Tanne REG r) 


to ROE 


7291033 


Fig.16 Write timing. 


TABLE 4 Timing characteristics!) (Figs.15 and 16). 


min. max. 
write enable twR 200 — ns 
address set-up tas 30 ~ ns 
address hold taH 30 — ns 
data set-up for write tps 150 — ns 
data hold for write tpH 30 — ns 
request hold?) try — 350 ns 
request next®) (3,84 MHz clock) tRN - 3 ps 
read enable trp 200 — ns 
data delay for read*) tpp ~ 150 ns 
data floating for read*) tor _ 150 ns 
request valid before write trv 0 _ ns 
request output enable response tROE — 350. ~=ons 
control set-up tcs — 20 ns 
control hold toy — 20 —sns 


1) Timing reference level is 1,5 V. 

2) REQ is an open drain output, requiring an external pull-up. 
The time stated is that to reach 2,0 V via a 3,3 kQ and 50 pF 
pull-up connected to 5 V. 


3) Between two data write operations of a speech frame. 


*) Levels greater than 2,0 V for a 1, or less than 0,8 V for a 0 are 
reached with a load of one TTL input and 50 pF. 


Command register and status register 


The contents of the command register (command word) 
determines whether the synthesizer is silent or active 
(operating mode) and the procedure that will be followed 
when the supply of speech codes is intermittent. It also 
determines how the contents of the status register, i.e. the 
data request bit (REQ) used to request more data, will be 
broadcast. Table 5 gives the bit allocation of the command 
register. It is written into via data lines D4 to DO when 

CE = W=0 and AO= R/W= 1. 


The request bit REQ 


REQ is stored in the status register and signals a request for 
the next byte of speech code, or the starting pitch byte ifa 
STOP command has just been received. The request for 
data can be broadcast in two ways: 


— on the REQ pin, 

— on data port D7. 

The REQ pin can be enabled in hardware or software. The 
hardware method is to connect REQEN (pin 14) to ground. 
The software method is to set ROE in the command register 


to a 1 (and to hold REQEN high). The REQ pin can be con- 
nected to the control processor’s interrupt input or polled. 


The status bit REQ can also be broadcast to the control 
processor via bidirectional port D7, D7 being read when 
CE = R/W = 0 (see Table 3). 
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TABLE 5 Command word bit allocation and truth table. 


D4 D3 D2 
STOP CONT CONT 
enable 


0 = no action 
1 = no action 


0 = no action 0 
1 = STOP 0 
1 
1 


D7, D6 and DS are not used; 
ROE = request output enable. 


After power-on reset, the command register bits CONT and 
ROE will both be zero since power-on corresponds to the 
command word XXX11010. Therefore, the synthesizer 
will be in the SLOW STOP procedure. 


OPERATING MODES AND PROCEDURE 
DURING INTERMITTENT CODE SUPPLY 


The operating modes (Fig.17) are: 
— the SILENT mode 
— the ACTIVE mode. 


The SILENT mode, characterized by a silent output and 
the status REQ bit high, is entered after a power-on reset or 
reception of a STOP command, or at the end of a SLOW 
STOP procedure. The STOP command mutes the syn- 
thesizer immediately. The active mode is re-entered after a 
starting pitch byte has been received. 


In the ACTIVE mode, speech codes are synthesized. During 
the synthesis of one speech frame, all four bytes of the next 
frame must be received. If this is not the case, one of two 
procedures is followed depending on the CONT bit of the 
command word: 


— the CONTINUOUS procedure (CONT = 1) 
— the SLOW STOP procedure (CONT = 0). 


The CONTINUOUS procedure causes the synthesizer to 
repeat the last speech frame indefinitely until all the codes 
of the next frame have been received or until a STOP 
command is received. When generating melodies, this 
procedure can be used to advantage. 


The SLOW STOP procedure causes the synthesizer to enter 
the SILENT mode by repeating the last frame once, 
decreasing amplitude to zero and then going silent. 


Figure 18 shows the audio output in the case of inter- 
mittent code supply for the CONTINUOUS and SLOW 
STOP procedure. 
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0 = SLOW STOP procedure 
1 = CONTINUOUS procedure 


D1 DO 

ROE ROE 

enable 

0 0 = no action 

0 1 = no action 

1 0 = disable REQ 
1 1 = enable REQ 


power up STOP 


bytes received in time; 


starting pitch fetch next speech frame 


received 


completion 


CONTINUOUS 
PROCEDURE 7291019 


Fig.17 Operating modes and procedures. 


Figure 19 shows the speech codes for the utterance ‘s’ 
again, plus the audio output during the utterance. The 
timing for the first frame is shown in Fig.20. Subsequent 
frames have identical timing, with the exception of the 
starting pitch. The utterance starts from the SILENT mode, 
in this case after a STOP command has been written to the 
synthesizer, so REQ is low. After the starting pitch byte has 
been written, REQ remains high for up to 8 ms, then goes 
low indicating that the first byte of speech codes may be 
sent. To write data to the input buffer, CE is first brought 
low, data being written on the rising edge of CE. After 

a byte has been received, REQ remains high for about 2 ys 
between the first and second, second and third, and third 
and fourth bytes. After the fourth byte has been written, 
REQ remains high for 8 to 64 ms during which time the 
synthesizer sets the speech parameters of the first frame 
according to the codes 05, D2, FE and 50. 


Preparing the first frame is different to preparing those that 
follow, because, except for the amplitude which starts from 
zero and reaches its correct value at the end of the frame, 
the value of each parameter is set before the first frame is 
spoken. For subsequent frames, the values of all parameters 
are only reached at the end of the frame owing to the inter- 


“nal linear parameter interpolation. 
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CONT! AUDIO OUTPUT 
frame 1 frame 2 
~—|-—+ i { ' 
silent, active 


frame 3. frame3  frame3 frame4_ frame 5 


frame 1 frame 2 


frame 3 frame 4 frame 5 
STOP (incomplete) 
command DATA STR EAM 
; frame 4 
starting (completion) 
pitch 
(a) 
CONT=0 
AUDIO OUTPUT 
frame 1 frame 2 frame3 frame 3’ 
| silent 


silent | active 


frame 1 frame 2 frame 3 frame 4 


STOP (incomplete) 


command DATA STREAM frame 3’ = slow stop frame 
starting 
pitch 7291037 


(b) 


Fig.18 Audio output in the case of intermittent code supply 
(a) for the CONTINUOUS procedure 
(b) for the SLOW STOP procedure. 


AO=1 A0=0 
(ADDRESS ! (ADDRESS 
COMMAND INPUT 
REGISTER), BUFFER) 
| <8ms 200ns min 
=2us 
350ns max ~—> [ 
STOP — ie — 
command| 


REQ 


t 


starting , 
pitch 


31’ 


At tz (Fig.19), the synthesizer starts speaking, REQ going 
low at the same time, requesting the next speech codes. 
The duration of the first speech frame is 32 ms (the FD bits 
being 107) during which the four bytes of the second frame 
must be received. 


At t3, pronounciation of the first frame ends, the synthe- 
sizer starts pronouncing the second and, by means of REQ, 
requests the codes of the third. In this example, 64 ms are 
available to receive the third frame, since that is the time 
taken to pronounce the second. 


Ao=1 | A0=0 AO=1 


| 

| | 
starting | 
pitch frame 1 frame 2 frame 3 last frame dummy l 


Se pg apg USEC ESOC TR 


STOP command STOP command 
| 
| 
| 
audio 
output 
<< 32ms —>|<— 64ms —»|<— 8ms —»|<—- 8ms —>| 
ty t2 t3 t4 ts 
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Fig.19 A four frame utterance in which a dummy frame is used to 
ensure that pronounciation of the last frame is not curtailed by the 
STOP command. 


7291038 


8 to64ms 


| 
| 
3"4 byte 'FE’ 
| 
| 


1st speech frame 


nd 


speech frame 


Fig.20 Timing of the first frame of Fig.19 in detail. Data is written on the rising edge of CE. Polling of REQis 
unnecessary since it returns to the high state within 3 us of receiving each byte. The trailing edge of REQ is 
good timing reference, occurring at multiples of 8 ms. 
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At t4, the synthesizer starts pronouncing the last frame. 
Since the utterance has to be terminated by a STOP 
command so that the new starting pitch of the next 
utterance can be received, the microprocessor has to 
determine when STOP may be written without shortening 
the last frame. A practical way of doing this is to provide 
a dummy frame when REQ goes low at t4, the amplitude 
bits of the dummy frame being set to zero. After the 
dummy frame has been received, REQ goes low again at t5 
marking the end of speech output and STOP may be 
written. 


INTERPOLATION, D/A CONVERSION AND 
SPECTRAL RESPONSE 


The 8 kHz samples from the digital filters are fed to a linear 
interpolator which increases the effective sampling rate to 
64 kHz, simplifying analogue post filtering. 


The 8-bit digital samples are converted into a series of syn- 
thesized speech waveform increments by the D/A converter 
shown in Fig.21. The converter consists of two parallel- 
connected open-drain current sinks of amplitude I and 16] 
and an external capacitor. Current I equals the d.c. current 
injected into the REF pin of the MEA8000. When all eight 
bits of the digital sample are zero, both current sinks are off 
and capacitor C charges through resistor R. For other digital 
samples, one or both sinks are activated and three capacitor 
discharge currents can be defined (I, 161 and 171). To ensure 


most 
significant ~» 0000 
nibble 
least 
significant —> 0001 
nibble 


171 
161 |-----+ 


t 
] 


NINN 


19 20 


0001 


0001 
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that the charge on the capacitor is well-defined before each 
digital sample is converted, both sinks are turned off for 
the last two clocks of each 20-clock sampling period and on 
the first three, leaving 15 clocks per sampling period to 
define each analogue increment. 


The current sinks are switched on for the number of clocks 
indicated by the two nibbles of each 8-bit sample. The least 
significant nibble indicates the time for which the capacitor 
discharges into the I current sink, and the most significant 
nibble that for which it discharges into the 16I sink, see 
Fig.22. Each nibble can determine discharge durations from 
0 clocks (both sinks off for whole sampling period) to 15 
clocks. The sixteen possible discharge durations of the 16I 
sink combined with the sixteen of the I sink allow 256 
average voltage levels (16 x 16) to be defined for each in- 
crement of the speech waveform. 


to filter 


from 
filters 


7291021 


Fig.21 Output circuit. 


1000 


4111 


| 


7291022 


Fig.22 Output current pulses from the MEA8000 for three samples. Two 4-bit codes are used to produce 
a possible 256 average charge levels of which three are shown here shaded. 
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Note, to compensate for the fall-off in the frequency 
response due to the linear interpolation, an analogue post 
filter for the MEA8000 should have an (x/sin x)* correction, 
Fig.23. The interpolation can be regarded as a convolution 
of the 8 kHz samples with a triangular non-causal impulse 
response, see Fig.24. 


7291023 


4 5 
f (kHz) 


Fig.23 H(w)/r. Frequency response of the MEA8000. 
1/r is the sampling frequency. 


S2 
frit) 


$3 


-125ys 0 125ys -125yus 0 125ys 


samples impulse response 


-125us 0 125us 
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Fig.24 Convolution of 8 kHz samples with a triangular 
non-causal impulse response. 


470 FILTER (see Fig. 5). 
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Fig.25 Audio output stage. 
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AUDIO OUTPUT STAGE 


Figure 25 shows an integrated 6 W audio output stage for 
the MEA8000 and filter which performs (x/sin x)? correc- 
tion as well as bandlimiting. The best voice quality is 
obtained with an audio filter having the transfer charact- 
eristic shown in Fig.26 and Table 6. The characteristic of 
the actual filter is a good approximation of the optimum. 
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3 
50 100 200 500 1000 2000 


5000 8000 
f (Hz) 


Fig.26 Output filter transfer characteristic. 
——~— for optimum voice quality; 
characteristic of the filter shown in Fig.25. 


The first section of the filter integrates the pulses from the 
output of the MEA8000 and cuts off at about 3400 Hz. 
The second section is an LCR circuit with resonant fre- 
quency 3400 Hz which compensates for the (x/sin x)? 
distortion. If less high frequency compensation is required, 
the Q of the resonant circuit (wL/R) can be decreased by 
connecting a resistor in series with the inductor. The 600 £2 
resistance R is the winding resistance of the 100 mH in- 
ductor. The third section is a first order low-pass section 
which removes any d.c. components. 
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TABLE 6 (x/sin x)? correction factors for the audio output filter. 


freq. ( sinx)* 20 log (atx) 
(Hz) (dB) 
0 1 0 
400 0,99 0,09 
800 0,97 0,26 
1200 0,93 0,63 
1600 0,88 1,11 
2000 0,81 1,83 
2400 0,74 2,62 
2800 0,66 3,61 
3200 0,57 4,88 
3600 0,49 6,20 
4000 0,41 7,74 
SOFTWARE 
ROM mapping 


The external ROM that stores the speech codes of an utter- 
ance or a word (called a speech file) also stores the starting 
pitch byte and the file header. The header comprises three 

bytes, two that indicate the number of bytes in the file and 
one that allows additional data to be encoded for each file. 


ROM I 


addresses 
end of FF 
index FF 


AO 
header FILE LENGTH 
eta | SE RSE 
STARTING PITCH 


STARTING PITCH 


FRAME 1 
3 we 


filed 


LAST FRAME 


FILE LENGTH 


STARTING PITCH 


Al 
header 
of file 1 


file 1 


LAST FRAME 
EMPTY 


24 
| 
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. * file 
starting 
in ROMs 
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Table 7 shows a header and a starting pitch byte followed | 
by twenty-one four-byte speech frames for synthesizing 
the word ‘stop’. 


Usually, more than one speech file will be stored in a ROM. 
An index is made by listening the 2-byte starting addresses 
of each file at the beginning of the ROM. The end of the 
index is indicated by the bytes FF FF. Figure 27 shows 
examples of ROM mapping. 


Speech output routine 


This routine controls the transmission of speech codes to 
the synthesizer. Figure 28 shows the flow chart. 


Each utterance is terminated with the STOP command. 


p= | 


ROM II 


file p 


EMPTY 


7291034 


(b) (c) 


Fig.27 Examples of ROM memory mapping; (a) vocabulary in one ROM, (b) and (c) vocabulary in two ROMs. 
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TABLE 7 Hexadecimal speech codes for the word ‘stop’. 


(a) (b) 
00 58 00 31 
0s D2 FE 50. 0A D7 FE 70 1A D8 FS 90 1A D8 FO 10 _— 
44 D9 F8 70 48 DA FF BO 08 DB FF 90 46 DB FF 02 
79 Di 67 OF AA CF 9F 7E BB AD % Cl 9% CC 8S BE. 
—— a . Speech codes 
46 8F B4 99 55 D7 24 12 45 B6 13 9E 0S BS A3 IF 
0s BS AO 00 2A B3 BO 70 59 B3 ES BO 2A B2 DD BO | 
19 B2 ED 9000 


(a) header containing byte count of word code file for microcomputer. 
(b) starting pitch. 


A STOP command should be given when the status bit REQ 
is high. It can also be useful to send a STOP command at 
the beginning of an utterance, e.g. if a new frame is to over- 
ride the present one. 


START 


Set CP to starting address 
of file 


Read file length (2 bytes) 


Calculate EA = 
CP + file length 


Skip byte 


INTERFACING 


CP =SA+3 
System timing is set using clock pulses from an internal 


oscillator controlled by a crystal connected between 
— OSC-IN and OSC-OUT. The synthesizer can also be driven 


by an external clock via CLK IN. Pulses at one third of the 
clock frequency are available at CLK OUT. Figure 29 
shows examples of oscillator/clock configurations. 


Figure 30 shows how the MEA8000 can be interfaced to 
different control devices. 


Read 4 bytes from ROM 


MEA8000 


MEA8000 


CLK 
IN 


OSC OSC 
IN OUT 


Osc OSC CLK 


IN OUT 


- —— = —— — ew + + —- 


ne REQ = high 


yes 7291039 


Send dummy frame 


re REQ = high 


yes 


Send STOP command 


3,84 MHz 


7291027 
clock from 
e.g. processor 


Fig.29 Oscillator/clock configurations. 


Fig.28 Speech output routine. It is not 
usually necessary to check the status of 
REQ after each byte, so bytes can be 
sent in groups of four (right). 

CP = code pointer; 

EA = end address. 
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Fig.30 (a) Small vocabulary system. Status is tested on the T1 input 
via the REQ signal. REQ is enabled via REQEN = 0. The MAB8400 
microcomputer holds both the program and the speech codes. 


(b) Small vocabulary system. Status is tested via data port D7. 
R/W pins are connected so that the REQ signal can be read on D7. 
The program and the speech codes are in external ROM. 


(c) Adding a voice output to an existing video game. In addition to 
the hardware shown, the game cartridge ROM needs to be increased 
by about 125 bytes for the speech output routine. The speech codes 
can also be put in the same ROM. When used with an interrupt 
routine, only 1% of the processor’s time is used. 

(d) General system for applications in card systems, small-volume 


large-vocabularly systems. Serial or parallel input data. Status is 
read via REQ. 


i ROM 
2716 (4x) 


or 
2732 (4x) 
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INTRODUCTION 

A low cost yet high performance, color, 
composite video fiber optic link for 
short-haul applications can easily be 
built using readily available off-the-shelf 
1.C’s and optoelectronic devices. Also, 
all the necessary tools and hardware for 
interfacing the fiber to the electronics 
are available in kit form. This adds 
further simplicity and lower cost to the 
construction of the finished design and 
cancels the need to obtain factory 
installed terminations. 


OPERATION 

Starting at the transmitter end (Figure 1), 
the system begins with an NE592 
differential video amplifier. The amplifier 
receives the composite video signal and 
then differentially drives the voltage 
controlled oscillator (VCO) of an NE564 
phase locked loop (PLL). This is done 
through the output pins of the PLL phase 
comparator. The VCO is driven directly 
to avoid the input limiter and phase 
detector of the NE564. This method of 
operation opens up a number of applica- 
tions for the NE564 that were previously 
impossible. The loop, in this case, is con- 
figured as a frequency modulator with 
a center of 30MHz and a deviation of 
+10MHz. From here, the modulated 
signal is fed to an NE522 high speed 
comparator with an open collector out- 
put. The comparator boosts the signal in 
order to drive a high power aluminum 
gallium arsenide infrared (810um) LED 
which has a typical rise time of 3ns. 


The composite video is essentially sent 
at a 60 Mb/s data rate over the fiber and 
is received by an AlGaAs PIN photo- 
diode. The light is converted to a current 
by the diode and is amplified and 
changed to a voltage by the NE5539 op 


amp in a transimpedance configuration. 
The very high speed response (600V/us) 
and wide bandwidth (350MHz unity 
gain) makes this device ideally suited for 
high performance optical links. Com- 
pensation components and their values 
are also shown in Figure 1 to make the 
NE5539 unconditionally stable because 
itis notinternally compensated. The second 
NE5539 is a voltage gain stage and is 
optional depending upon the attenua- 
tion in the fiber or its length. Immedi- 
ately following is another NE564 PLL set 
up as an FM demodulator which is AC 
coupled to the last NE5539 op amp. This 
third NE5539 acts as an amplifier and 
buffer that drives 75 ohm cable to a video 
monitor. 


TEST 

Tests using 30 meters of 125um glass 
fiber show the chrominance S/N ratio of 
an ElA color bar test signal to be approx- 
imately 40dB. This S/N ratio can be 
improved if an additional filter is added 
to the circuit. The primary noise source 
is the 30MHz modulation frequency. To 
attenuate this noise and other high fre- 
quencies effectively, a third order low 
pass Chebyshev filter with a cutoff of 
3.58MHz is constructed around the last 
NE5539 (Figure 2). This increases the 
S/N ratio significantly. Comparison 
photos taken from a spectrum analyzer 
are shown in Figure 3. 


Caution should be exercised so as not to 
roll off too much of the 3.58MHz 
chrominance signal. A tradeoff between 
noise and color signal should be con- 
sidered. Higher order filters using the 
NE5539 will sharpen the roll off con- 
siderably so that the color amplitude will 
not be affected. A comparison of input 
and output using the ElA color bar test 
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signal is shown in Figure 4. As can be 
seen, there is excellent reproduction of 
the original signal and little overall phase 
shift in the vector plot. Also, using a 5 
step staircase signal, differential gain 
and phase error measurements of 
the entire system are 1% and 0.5° 
respectively. 


SYNOPSIS 

The main intent is to show how to build 
a color video transmission system. But it 
may be possible to transmit other 
analog or digital signals along with the 
video since the circuit shown only 
utilizes the 20 to 40MHz band. These 
signals can be sent using the lower 
frequencies (i.e., data via FSK, voice 
channels, etc.). Additional circuitry can 
be used to multiplex the signals electron- 
ically after the first PLL, and bandpass 
filters utilized before the second PLL, on 
the receiver side, to separate and then 
demodulate them. 


The circuit in Figure 1 can be made very 
inexpensively. The tools and connectors 
as weil as instructions for constructing a 
very reliable fiber link are from Amp Inc. 
kit number 227385. The fiber used is ITT 
number T-3000, and the IR LED and 
photodiode are Motorola part numbers 
MFOE1202 and MFOD1100 respectively. 


The circuits should be laid out on a 
double sided copper clad PC board with 
all power supply pins decoupled as 
shown. Care should be exercised in 
shielding both the PIN photodiode and 
the first NE5539 in the receiver end to 
avoid pick up and amplification of 
unwanted noise. The RF chokes are 
Ferroxcube part number VK200-10-3B. 
The I.C’s are all available from Signetics. 


Written by: Thomas DeLurio 
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Figure 1. Fiber Optic Video System 
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Figure 2. NE5539 CHEBYSHEV Low Pass Filter—3.58MHz Cutoff 
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Figure 3. Noise Tests 


9-165 September 1985 


Signetics Linear Products Application Note 


Wideband FM Composite Video Fiber Optic Link AN146 


OUTPUT 


OUTPUT AFTER FILTER INPUT/OUTPUT VECTORS AFTER FILTER 


Figure 4. Input/Output Test Signals Not to Scale 
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ABSTRACT 

The 9 lead SOT 110 B encapsulated 
TDA1013A is an audio power amplifier 
that has a DC volume control on board. 
The device is designed for audio amplifi- 
er applications in TV sound channels. 


At a supply voltage of 18V, the output 
power is about 4.4W into an 82 loud- 
speaker. 


The gain control range is > 80dB with a 
DC control voltage from 8 to 3.5V. 


Some basic information of the TDA 
1013A is dealt with in this application 
note. Detailed performance properties 
are given for an 18V into 8Q2 application. 


INTRODUCTION 

The TDA1013A has two functions: a DC 
volume control and audio power amplifi- 
er. 

Some performance characterisitcs are: 


@ Supply voltage range 15 -35V 
@ Max. repetitive peak cur- 1.5A 
rent 
@ Max. non-repetitive peak 3A 
current 
@ Rin j-tab 9K/W 
@ Rih j-a 45K/W 
@ input imedance (pins 5 > 
and 8) 100k{2 
@ Output impedance (pin 6) 20022 
(typ.) 
@ Voltage gain DC control 7dB 
part (pins 8 to 6) 
@ Voltage gain power ampli- 30dB 


fier (pins 5 to 2) 


APPLICATION CIRCUIT 

The complete application circuit is given 
in Fig. 1. With high input inpedance, Cg is 
necessary to filter out RF input interfer- 
ences. Rg in combination with Cs is used 
to limit the a.f. frequency bandwidth. The 
470uF power supply decoupling capaci- 
tor is Cio. 
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MEASUREMENTS 

Various measurements made in the cir- 
cuit of Fig. 1 are given. If not otherwise 
stated, the measurements are done at 
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Figure 1 


AUDIO 2 


Figure 2. Block Diagram And External Components. 
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Figure 4. Midtap Voltage Versus Vp, 


Vp = 18V, RL =8Q, f=1kHz and 
Ta = 25°C. 
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Quiescent Current Consumption 
The quiescent current as a function of Vp is 
given in Fig. 3. At V> = 18V the maximum 
spread on 20 samples is indicated by arrows. 


Midtap Voltage 
The midtap voltage Va versus V, at output pin 
2 is shown in Fig. 4. 


Output Power and Dissipation 
The output power for d = 10% as a function 
of Vp at pin 2 and across the 82 loudspeaker 
load is given in Fig. 5. The upper curve gives 
the worst case sinewave dissipation. The 
dissipation versus output power for Vp = 18V 
is given in Fig. 6. 


Distortion 

The total harmonic distortion as a function of 
Py is shown in Fig. 7 for signal frequencies of 
1 and 10kHz (DC control voltage at pin 7 is 
constant 8V). In Fig. 8 the same curve is 


attain » Voontrot PIN 7 = BV 
iL = BN 


given for f = 1kKHz but now the output power 
is reduced by the DC control voltage (at 
d= 10% Voc pin 7 = 8V). The distortion for 
2.5W output power versus frequency is given 
in Fig. 11. In Fig. 9 the distortion of the DC 
gain controlled pre-amplifier as a function of 
the signal excursion at pin 6 is shown for a 
DC control voltage (Vpc pin 7) of 8V. 


Gain Control 
The typical overall voltage gain (Vpc pin 
7 =8V) is 38dB. The gain control curve 
versus the DC control voltage on pin 7 is 
shown in Fig. 10. 


Frequency Characteristic 

The frequency characteristic is presented in 
Fig. 12. The -3dB bandwidth is from 32Hz to 
20kHz. 


Power Bandwidth 
The power bandwidth (d = 10%) is given in 
Fig. 13. The low frequency behavior is deter- 
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Figure 5. Output Power And Dissipation Versus Vp 
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mined by. the value of the output electrolytic 
C7. 


Supply Voltage Ripple Rejection 
The supply voltage ripple rejection versus 
frequency is shown in Fig. 14 for Rg = 0 and 
10kQ2. Ripple voltage on pin 3 is 500m. Vrms. 


Noise Behavior 

The A-weighted, IEC 179 standard, signal-to- 
noise ratio at maximum gain (Vpc pin 7 = 8V) 
is 68dB at Rg = 022 and related to Py = 2.5W. 
Increasing Rg has hardly any influence on this 
noise level. Typical S/N is 74dB. 


CONCLUSIONS 

The TDA1013A is a suitable IC as an audio 
amplifier in TV receivers. It delivers an output 
power of about 4.4W in R,. = 8Q2 at Vp = 18V. 
An 80dB DC gain control is incorporated. 
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Figure 6. Dissipation Versus Pp) 
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Vp = 16V, f = tkHz 
Voconrros = 8V 
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Figure 9. Distortion of Control Amplifier At Pin 6 Figure 10. Typical Control Curve DC 
Control Voltage At Pin 7 
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Figure 11. Distortion at P. = 2.5W Versus Frequency 
(At Pin 2 of 1.C.) 


Figure 12. Frequency Characteristic 
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Figure 13. Power Bandwidth Figure 14. Ripple Rejection Versus Frequency 
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Author: D. Udo 


ABSTRACT 

The TDA1520A single operational hi-fi 
power amplifier is intended for audio and 
television applications. 


The circuit can deliver output power up 
to 20W into 4 and 8 ohm loudspeakers 
operating either from symmetrical or 
asymmetrical power supplies. 


The 9-lead SOT 131A power encapsula- 
tion combines good thermal behavior 
(Rithj-mb <2 K/W) with a reliable simple 
mounting to external heatsinks (screw or 
clip mounting). 


The IC has several internal protection 
Circuits to allow misloading conditions. 


INTRODUCTION 

The TDA1520A integrated operational 
amplifier in the 9-lead single-in-line plas- 
tic power package SOT 131A, is intend- 
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ed for use as class-B hi-fi power amplifi- 
er. 


Some performance specifications are 
shown below. 


Supply voitage range 15-50V 
Minimum guaranteed 

output current 3.2A 
Minimum non-repetitive 

output peak current 5A 
Maximum operating 

ambient temperature 150°C 
Thermal resistance Rinj-mb <2 K/W 
Input impedance at pin 1 > 1Mohm 


The TDA1520A can be powered with 
symmetrical and asymmetrical power 
supplies. This APP note shows applica- 
tions with asymmetrical power supplies. 


INTERNAL CIRCUIT 
DESCRIPTION 

The internal circuit block diagram of the 
TDA1520A is shown in Figure 1. 
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The input amplifier is a Darlington cou- 
pled PNP differential stage (11-14) 
having a 800/=mypaA current source S1. 
D.C. biasing for T1 can be derived from 
the internal voltage bleeder RA —- RB. 


In our application, with asymmetrical 
power supply, the D.C. biasing is made 
with an external resistor between pin 1 
and pin 8. The external resistance be- 
tween pin 1 and pin 8 must be limited to 
100 kohm for offset voltage reasons. 
The current drive to the class-A driver 
stage (T7-T8) is obtained from the 
current mirror circuit of T5—T6. 


The D.C. current source S2 (5mA), for 
the class-A stage T7 — T8 flows through 
the three series diodes D, to adjust and 
stabilize the quiescent current of the 
output stage. 


Each branch of the quasi complement- 
ary output stage consists of two Darling- 
ton coupled NPN transistors (T9 —-T10 
and 113-114). 


SOA 
PROTECTION 


THERMAL 


SHUT DOWN 


Figure 1. Internal Circuit Block Diagram 
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The unity gain PNP class-B driver (T11 — 112) 
offers the 180° phase-shift for the lower 
output stage. 


The open loop frequency cut-off is deter- 
mined by the integrated capacitor C1. Open 
loop gain is typical 74dB. 


The amplifier has a number of internal circuit 
blocks to protect the device against short- 
circuiting of the loudspeaker, misloading con- 
ditions (SOAR and thermal protection). 


The thermal shut-down circuit starts operat- 
ing for chip temperatures higher than 150°C. 


AMPLIFIER APPLICATION 
CIRCUIT 

The circuit diagram of the TDA1520A amplifi- 
er operating from an asymmetrical power 
supply is shown in Figure 2. 


The closed loop gain of 30dB is fixed by the 
resistors R1 and R3 while the input resistor 
R2 has the same value as R3 to keep the 
offset voltage as small as possible. 


Also to keep the offset voltage low, it is 
advised to limit the value of R2 to about 100 
Kohm. 


To improve the turn-off behavior, some exter- 
nal components are added. These compo- 
nents, a resistor of 2.2 Kohm and two diodes, 
are dashed in Figure 2. 


It is recommended to have the power supply 
electrolytic as close as possible to the ampilifi- 
er p.c.board. 


With the asymmetrical power supply of 33V, 
the worst-case power dissipation is 15.5W 
(see also Figure 18). 


Calculation of the heatsink: 
; Tjmax - Tamax 
Rth(j-a) = 
Ptot 


(150 - 45)°C 
= ——_—_—_-——— = 6.7 K/W 
15.5W 
The thermal resistance of the heatsink be- 
comes: 
Rth(h-a) = Rth(j-a) — Rth(j-mb) —- Rth(mb- 
h) = (6.7-2-0.2) K/W = 4.5 K/W. 


In the proposed appliance a 3.5cm extruded 
heatsink is used (type KL-134 of Seifert). 


MEASUREMENTS 
Several measurements are done on the appli- 
cation circuit of Figure 2. 


Quiescent Current Consumption. 
The quiescent current consumption versus 
supply voltage is given in Figure 3. 
Midtap Voitage 


The midtap voltage versus supply voltage is 
given in Figure 4. 


OP00s00S 
Figure 3. Quiescent Current 
Versus Supply Voltage 
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Figure 5. Distortion Versus Frequency 


Harmonic Distortion 

The harmonic distortion versus frequency at 
Po = 10W is given in Figure 5 for Vs = 33V 
and RL = 4 ohm and in Figure 6 for Vs = 42V 
and RL =8 ohm. 


The harmonic distortion versus output power 
at f = 1kHz is given in Figure 7 for Vs = 33V 
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Figure 4. Midtap Voltage 
Versus Supply Voltage 
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Figure 6. Distortion Versus Frequency 
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and RL = 4 ohm and in Figure 8 for Vs = 42V 
and RL=8 ohm. 


Power Bandwidth 

The power bandwidth for dio, = 0.5% is given 
in Figure 9 for Vs = 33V and RL = 4 ohm and 
in Figure 10 for Vs = 42V and RL =8 ohm. 
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Intermodulation Distortion 

IM distortion versus output power is given in 
Figure 11 for Vs = 33V and RL = 4 ohm and 
in Figure 12 for Vs = 42V and RL =8 ohm. 


Frequency Response 

In Figure 13 the frequency response is given 
for Vs = 33V and RL = 4 ohm and in Figure 
14 for Vs = 42V and RL=8 ohm. 


The reference level (OdB) is at 10dB below 
Po max (= 2.2W) at f= 1kHz. 


Output Power 

The output power versus supply voltage is 
given in Figure 15 for RL = 4 ohm and 8 ohm, 
measured at dit = 0.5% and f = 1kHz. 


Power Dissipation 

The power dissipation of the TDA1520A as a 
function of the output power, measured at 
Vs = 33V, f = 1kHz and RL = 4 ohm is given 
in Figure 16 and with Vs = 42V, f = 1kHz and 
RL = 8 ohm in Figure 17. 


The worst-case power dissipation versus sup- 
ply voltage is shown in Figure 18. 


Input And Output Impedance 
The input impedance of the TDA1520A at pin 
1 is > 1 Mohm. The input impedance of the 
application circuit of Figure 2 is 20 Kohm, 
determined by the external resistor R2. 


The output impedance at pin 5 is 10 mohm at 
f = 1kHz. 


Gain 

The input sensitivity for Po = 10W is 210mV. 
The closed loop gain measured at f = 1kHz is 
30dB. The closed loop gain can be varied by 
resistors R1 and R3. 


Noise 

The weighted signal to noise ratio at 
Po = 50mW and RS = 2 Kohm is 80dB mea- 
sured according to IEC 179 (A-curve). 


The unweighted noise (f = 20Hz— 20kHz) is 
76dB. 
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Measured according to CCIR 468 peak value 
(also new DIN 45405 standard) this S/N ratio 
is 66qB. 


Siew Rate 
The slew rate of the amplifier is 6V/psec. 


Supply Voitage Ripple Rejection 
The supply voltage ripple rejection at 
f = 100Hz, is 58dB (RS = 0). 


Short Circuit Behavior 

A.C. short circuiting is possible during 60 sec, 
measured with sine wave drive f 2 40Hz into 
Clipping at a supply voltage of 30V and with a 
supply series resistance of 4 ohm. 


Measuring under the same conditions but 
with pink noise drive, according to IEC 268- 
1C, A.C. short circuiting is allowed up to 15 
minutes. 


Turn-on and -off Behavior 


With the extra network the turn-off behavior 
of the TDA1520A can be improved. 


19 
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Figure 8. Distortion Versus Output Power 


Cif mT PN 
10% 102 109 10 bad 
OREO. (Hx) 


Figure 9. Power Bandwidth 
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Figure 16. Power Dissipation Versus Output Power 
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Figure 17. Power Dissipation Versus Output Power Figure 18. Worst Case Power 


Dissipation Versus Supply Voltage 
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L. P. M. BRACKE 


The last ten years have seen considerable progress in the 
development of the switched-mode power supply. Both 
design methods and associated hardware have been refined 
by experience and intensive development. These improve- 
ments, especially in the understanding of the influence of 
magnetic material and winding-conductor properties on 
SMPS operation, are reflected in the more straightforward 
and complete design routines now available. The better 
understanding that made for the improved design routines 
has also resulted in improved core designs: the ETD range 
of ferrite cores. Furthermore, lessons learned from experi- 
ence in wound-component production have been applied to 
the design of the associated hardware, especially the coil 
former. The improved core and coil former, together with 
specially-developed assembly hardware, form the ETD 
system. 


IMPROVED DESIGN ROUTINES 


References 1 to 4 form a series of publications that presents 
complete design routines for the magnetic components of 
all common versions of SMPS. Part 1 of the Series (Ref.1) 
covers most aspects of SMPS design, with emphasis on the 
interaction between the electronic and magnetic aspects. 
The basic electrical relationships are given for forward, 
push-pull and flyback converters. Practical formulae are 
given for inductance and effective-current values. Auxiliary 
outputs and other special features are included in the 
coverage, as are related control aspects. All treatments are 
related to the magnetic design. 

The data derived from Ref.1 are used in Part 2 of the 
Series (Ref.2) to select a suitable ferrite core for the trans- 
former. Here, the magnetic and thermal properties of ferrite 
cores are considered as they affect their suitability for a 
given application. Initial selection of a suitable core is by 
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means of charts showing the limits of performance to be 
expected at various frequencies. The optimum working 
conditions for cores in various transformer types are 
discussed, and a further chart enables this optimum to be 
determined. Wound transformer thermal characteristics are 
discussed, and formulae given for the losses in the core 
itself. Together with expressions for the number of turns 
required, Ref.2 allows the design of an SMPS transformer 
to progress from the electrical requirements set forth in 
Ref.1 to the mechanical design of the windings themselves 
discussed in Ref.3. 


SELECTING THE CORRECT CORE 


Most SMPS requirements can be satisfied by the range of 
cores currently available (Ref.5). The preferred grade of 
material for such high-frequency power applications is 
Ferroxcube 3C8. 


Core selection charts 


Due to the wide variation in application conditions, the 
selection charts have been designed to indicate the range of 
operation of the cores. This is done by using areas of 
throughput power as a function of frequency as shown in 
Fig.1. These are effectively areas of good design, since both 
boundaries represent the performance of a well-designed 
transformer. 

The upper boundary of each area corresponds to a trans- 
former design operating at optimum flux density sweep, 
with maximum use of the winding window, and Litz-wire 


_ windings, for minimum a.c. resistance. The lower boundary 


corresponds to a transformer design that also operates at 
optimum flux density, but has optimised solid-wire windings 
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incorporating 8mm creepage distance for IEC 435 mains 
isolation, and with a demagnetising winding occupying one 
third of the winding space. 

Selection charts are given for push-pull, forward and 
flyback converter SMPS. However, the flyback converter 
charts are mainly intended as a cross-check on the design 
obtained by the method given in Ref.4 for chokes. 


7280385 


range of Py, 
for good, 
practical 
designs 


10 100 
f (kHz) 


Fig.1 In the core selection charts given in Part 2 of the SMPS 

transformer design series (Ref.2), the power-handling capa- 

bility of each core is plotted as a shaded area extending from 

10 kHz to 100kHz. The vertical boundaries of this area are 

the upper and lower limits of throughput power capacity 

achievable by good design but depending on conductor type 
and insulation requirements 


Operating conditions 


Converter type has the largest influence on throughput 
power obtainable, but other factors also influence per- 
formance, principally 


— flux-density sweep 

— winding configuration (simple or split, for example) and 
— the presence of sensor or demagnetising windings 

— the type of conductor used in the windings 

— the number of output windings required 

— mains insulation requirements. 


Generally, the selection charts assume worst-case conditions. 
Operation at ambient temperatures lower than the 60°C 
assumed, the use of feed-forward to ease the restriction on 
peak flux density (1/1.72 of saturation to allow for transient 
conditions), or heatsinking or potting to reduce thermal 
resistance, will all increase transformer power capacity. 
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Flyback transformers and chokes 


Flyback converter transformers and output chokes are 
magnetically much the same: the main design requirement 
is stored energy, I?L. This is the basis of a separate design 
routine that includes winding design (Ref.4). This routine, 
using specially-developed design charts, leads directly to 
spacer thickness and number of turns. 


OPERATING FLUX DENSITY 


For chokes and flyback-converter transformers (which 
operate as chokes), stored energy is the basis of the design 
(subject to the core not being driven into saturation). With 
forward and push-pull converter transformers, the operating 
flux density (both a.c. and d.c. components) is set at the 
beginning of the design process. 


Forward and push-pull converters 


The operating flux density in forward and push-pull con- 
verter transformers strongly influences the overall volume 
of the transformer. Thus, it is set at the beginning of the 
design process to as high a level as practicable. For forward 
converter transformers, this level is determined by transient 
protection requirements or permissible core loss only. With 
push-pull converters, however, considerations of symmetry 
may dominate the choice. 

Both forward and push-pull converter transformers must 
be designed to accommodate rapid changes of load. This is 
done by introducing a transient factor, usual symbol a, 
related to the range of input voltage for which the power 
supply is designed. A common value of qa is 1.72. This is 
suitable for mains-fed supplies (215 V to 370 V or 200 V to 
340V), telephone supplies (40 V to 70V), and mobile 
supplies (9 V to 15.5 V). 

Considerations of symmetry usually result in the value 
of a being multiplied by a further factor e for push-pull 
converter transformers. Asymmetry leads to core satura- 
tion, which in turn results in destruction of power switches. 
Principal causes of asymmetry are unbalanced flux linkage 
in windings (Ref.3) and unequal conduction times in 
switches. Where care has been taken to achieve balanced 
transformer windings, and protection circuitry is incorpo- 
rated to ensure equal conduction times, the value of € may 
be 1.15; that is, a is increased from 1.72 to 2 for a typical 
core. Where unbalance is accepted, however, the value of € 
should be 2. (A list of the symbols used in this article, to- 
gether with their definitions, is given as Table 1). 

The use of feedforward (Ref.1) can considerably reduce 
the value of a required but at the expense of reduced 
transient response. 

In forward-converter transformers core remanence 
should also be taken into consideration. However, the in- 
troduction of a small airgap in the core, and the use of a 
slow-rise capacitor (Ref.1) allows the whole first quadrant 
of the core hysteresis loop to be used. 
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TABLE 1 
List of symbols 


symbol unit definition 


Bac T flux-density sweep; half the peak-to-peak flux 
density excursion 

BCF mm coil former breadth 

f Hz operating frequency 

fj Hz the frequency at which the number of turns on 
the lowest-voltage transformer winding becomes 
unity 

fL Hz the lowest frequency at which the coil former 
height is sufficient to accommodate ideal (mini- 
mum-loss) windings 

fT Hz the frequency above which no useful increase in 
the throughput-power capacity of a transformer 
can be obtained 

Hcr mm coil former height 

L H choke inductance 

Ray mm average turn length 

Po W total transformer core loss 

Rth K/W transformer or choke thermal resistance with 
winding creepage distance incorporated 

Rthn K/W transformer or choke thermal resistance for a 
winding without creepage distance 

Ve m® effective volume of a core 

a _ ratio of core saturation flux to working flux 
allowed: for transient response without satu- 
ration 

AT K temperature rise above ambient 

€ _ unbalance factor 

subscripts 

e effective value 

cp pertains to centre pole 


Figure 2 shows the maximum transformer flux-density 
sweeps for various converter types, and Table 2 gives the 
value of transient factors a and € under various conditions. 


Optimum flux-density sweeps 


Manipulation of the expression (Ref.6) for the throughput 
power of an SMPS transformer shows that power reaches a 
maximum at a combination of operating frequency and flux 
density such that core loss is 44% of total loss. That is, when 


0.44 a = 16.71? B25. Ve 


Here, the right-hand part of the expression is the typical 
hysteresis loss of Ferroxcube 3C8 ferrite. Since eddy-current 
loss is neglected, this expression applies only up to about 
100kHz. . 


September 1985 


9-176 


TABLE 2 
Maximum values of flux-density sweep for various converter 
types and control circuits 


flux-density sweep Bac cp (T) 
boundary conditions —_——— 


forward push-pull 
maximum sweep for 
FXC 3C8 (100°C) O16 0.32 
at transient factor a 0.32 0.32 
2a a 

with unbalance factor e* = = 

i 0.32 0.32 

th x% feedf d Se 
with x% feedforwar eas 7100) eT 
with unbalance factor e and = 0.32 


x% feedforward e (1 + x/100) 


* ¢ is the ratio of peak flux density in a balanced converter to the 
peak flux density in an unbalanced converter. 


B "| ' 
: [ns | 7 > 284. 
ac ' 
28 eee selec tilt ca ee eee 
H ac rs ii 
(b) 7280386 


(c) 


Fig.2 Flux-density excursions and corresponding flux-density 

sweeps for (a) push-pull, (b) forward converter transformers 

(with slow-rise capacitor) or ringing choke, and (c) flyback 
converter chokes 


Using this expression, curves of Bac em, the peak flux- 
density sweep, have been derived for all Philips’ SMPS 
transformer cores (See Fig.3). 


THERMAL RESISTANCE AND TEMPERATURE 
RISE 


The maximum permissible dissipation of a transformer or 
choke is set by its maximum operating temperature; ambient 
temperature and thermal resistance depend on core size, 
mounting method and attitude, the type of conductor in 
the winding and the amount of insulation incorporated. 
Due to the insulating effect of the interleaving where 8 mm 
creepage distance is allowed for in the windings, two values 
are quoted for thermal resistance in Ref.2: with and without 
creepage allowance. __ | 
Measurement methods are discussed in Ref.2 and 7. 
Results given in Ref.7 confirm that transformer tempera- 
ture rise can be accurately calculated from the product of 
total transformer dissipation and thermal resistance for any 
ratio of core to winding loss. : 
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Fig.3 Optimum, peak, centre-pole flux-density sweeps Bac cp for a variety of cores for 
SMPS applications. Horizontal lines indicate the limits for various converter types (a = 1.72). 
The curves were calculated for a peak temperature rise of 40 K 


THE EFFECT OF OPERATING FREQUENCY 


Winding properties 

Depending on frequency, the windings of an SMPS trans- 
former fall into one of three categories. At low frequencies, 
the available winding-window height will be insufficient to 
accommodate minimum-loss (ideal) windings. At some 


higher frequency, f, the height of minimum-loss windings. 


becomes less than that of the winding window. Finally, at 
some higher frequency, fj, the number of turns required 
for the lowest-voltage winding becomes unity. 

It is shown in Ref.8 that, where the winding height is 
insufficient for minimum-loss windings, winding loss is 
inversely proportional to the squares of both flux-density 
sweep and operating frequency. At frequencies above fj, 
winding loss becomes inversely proportional to operating 
frequency. 


Flux density sweep 


From the considerations given earlier, it is apparent that at 
lower frequencies, operating flux density is limited by core 
saturation rather than loss. Above some frequency fi, the 
optimum operating flux density (for maximum power) be- 
comes less than the saturation-related maximum, and the 
flux-density sweep is limited by the requirement that (for 
Ferroxcube 3C8) core loss Po = 0.44 Ptot, where Pio¢ is the 
total permissible dissipation. 
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Throughput power 


In Ref.8, these various effects of operating frequency are 
combined to explain the observed variation of SMPS trans- 
former throughput power with operating frequency for 
Ferroxcube 3C8 cores. Figure 4(a) shows the division 
between core and winding loss for an SMPS transformer as 
a function of operating frequency. Frequencies fl, ft and 
f], are marked. (Note that fl, may, in fact, be higher than 
ft for some cores. This does not alter the main argument.) 
In Region I, operating flux density is limited by saturation 
considerations only, so that throughput power is roughly 
proportional to frequency. Operation remains saturation 
limited into Region II, but here power increases roughly as 
the root of the frequency. (This relationship is complicated 
by the fact that average turn length decreases as ideal- 
winding height decreases.) Region III begins at fy, where 
core operating flux density becomes limited by core loss to 
the optimum value for that frequency. The shape of the 
throughput power curve in the region depends on core 
material characteristics: the Steinmetz coefficient and its 
associated flux-density and frequency exponents. For 
Ferroxcube 3C8, flux density is inversely proportional to 
the root of frequency. Then, winding resistance decreases 
slightly with frequency so that, since winding loss is constant, 
throughput power is also about constant. 
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Fig.4 (a) Division of transformer loss between core loss and 
winding loss as a function of frequency, showing the various 
boundary frequencies. (b) Relation between flux density and 
frequency for maximum throughput power. (c) The cor- 
responding throughput power characteristic 


Region IV begins where frequency increases to the point 
where the number of turns required on the lowest-voltage 
winding falls to unity. (Contours of number of turns N as a 
function of frequency for various voltages are indicated in 


Fig.4(a)). When this happens, flux density must then decrease. 
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with frequency. The rate of this decrease is greater than that 
required for optimum core loss, so that throughput power 
decreases. The effect is accentuated by the increasing con- 
tribution of eddy-current losses at high frequencies. 

In practice, other factors, such as eddy-currents, para- 
sitic capacitance and rounding of numbers of turns, cause 
the transitions from one Region to another to become 
blurred so that, as Fig.4(c) shows, the thoughput power 
characteristic is more rounded. Calculated values for real 
cores, Fig.5, shows that the general characteristics remain, 
however: there is always a frequency, close to the core 
transition frequency, above which no useful increase in 
throughput power can be obtained. 
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f (kHz) 


Fig.5 Calcurated throughput powers (5 V forward converters) 

with frequency for EC52 and E42/21/20 core show the same 

general characteristics: there is a frequency (from Fig.3) 

above which no useful increase in throughput power can be 

obtained. For the EC52 core this is 100 kHz, for the E42 
core it is 52 kHz 


EFFECT OF CORE DESIGN 


The more complete understanding of the factors that in- 
fluence throughput power obtainable has made it possible 
to examine established core designs with a view to improving 
the designs available. Electrical, magnetic and mechanical 
considerations can now be combined so that the. core can 
be made as effective as possible. 


Existing core designs 


Analysis of existing core designs (E, EC, PM, PQ and RM 
cores, Ref.8) shows that performance agrees well with values 
of ft. The performance of the smaller cores is found to be 
relatively poor at SO kHz due to lack of sufficient winding- 
window height for ideal windings. 

The effectiveness of the use of core materials is another 
important consideration, since it directly affects the weight 
of an SMPS. Constant cross-section E cores generally have 
the best power-to-weight ratios. 
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Fig.3 Optimum, peak, centre-pole flux-density sweeps Baccp for a variety of cores for 
SMPS applications. Horizontal lines indicate the limits for various converter types (a = 1.72). 
The curves were calculated for a peak temperature rise of 40 K 


THE EFFECT OF OPERATING FREQUENCY 
Winding properties 


Depending on frequency, the windings of an SMPS trans- 
former fall into one of three categories. At low frequencies, 
the available winding-window height will be insufficient to 
accommodate minimum-loss (ideal) windings. At some 
higher frequency, fL, the height of minimum-loss windings. 
becomes less than that of the winding window. Finally, at 
some higher frequency, fj, the number of turns required 
for the lowest-voltage winding becomes unity. 

It is shown in Ref.8 that, where the winding height is 
insufficient for minimum-loss windings, winding loss is 
inversely proportional to the squares of both flux-density 
sweep and operating frequency. At frequencies above f 
winding loss becomes inversely proportional to operating 
frequency. 


Flux density sweep 


From the considerations given earlier, it is apparent that at 
lower frequencies, operating flux density is limited by core 
saturation rather than loss. Above some frequency fy, the 
optimum operating flux density (for maximum power) be- 
comes less than the saturation-related maximum, and the 
flux-density sweep is limited by the requirement that (for 
Ferroxcube 3C8) core loss Po = 0.44 Ptot, where Pio¢ is the 
total permissible dissipation. 


9-177 


Throughput power 


In Ref.8, these various effects of operating frequency are 
combined to explain the observed variation of SMPS trans- 
former throughput power with operating frequency for 
Ferroxcube 3C8 cores. Figure 4(a) shows the division 
between core and winding loss for an SMPS transformer as 
a function of operating frequency. Frequencies fL, ft and 
fj, are marked. (Note that f], may, in fact, be higher than 
fr for some cores. This does not alter the main argument.) 
In Region I, operating flux density is limited by saturation 
considerations only, so that throughput power is roughly 
proportional to frequency. Operation remains saturation 
limited into Region II, but here power increases roughly as 
the root of the frequency. (This relationship is complicated 
by ‘the fact that average turn length decreases as ideal- 
winding height decreases.) Region III begins at fy, where 
core operating flux density becomes limited by core loss to 
the optimum value for that frequency. The shape of the 
throughput power curve in the region depends on core 
material characteristics: the Steinmetz coefficient and its 
associated flux-density and frequency exponents. For 
Ferroxcube 3C8, flux density is inversely proportional to 
the root of frequency. Then, winding resistance decreases 
slightly with frequency so that, since winding loss is constant, 
throughput power is also about constant. 
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Fig.4 (a) Division of transformer loss between core loss and 
winding loss as a function of frequency, showing the various 
boundary frequencies. (b) Relation between flux density and 
frequency for maximum throughput power. (c) The cor- 
responding throughput power characteristic 


Region IV begins where frequency increases to the point 
where the number of turns required on the lowest-voltage 
winding falls to unity. (Contours of number of turns N as a 
function of frequency for various voltages are indicated in 
Fig.4(a)). When this happens, flux density must then decrease 
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with frequency. The rate of this decrease is greater than that 
required for optimum core loss, so that throughput power 
decreases. The effect is accentuated by the increasing con- 
tribution of eddy-current losses at high frequencies. 

In practice, other factors, such as eddy-currents, para- 
sitic capacitance and rounding of numbers of turns, cause 
the transitions from one Region to another to become 
blurred so that, as Fig.4(c) shows, the thoughput power 
characteristic is more rounded. Calculated values for real 
cores, Fig.5, shows that the general characteristics remain, 
however: there is always a frequency, close to the core 
transition frequency, above which no useful increase in 
throughput power can be obtained. 
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Fig.5 Calcurated throughput powers (5 V forward converters) 

with frequency for EC52 and E42/21/20 core show the same 

general characteristics: there is a frequency (from Fig.3) 

above which no useful increase in throughput power can be 

obtained. For the EC52 core this is 100 kHz, for the E42 
core it is 52 kHz 


EFFECT OF CORE DESIGN 


The more complete understanding of the factors that in- 
fluence throughput power obtainable has made it possible 
to examine established core designs with a view to improving 
the designs available. Electrical, magnetic and mechanical 
considerations can now be combined so that the core can 
be made as effective as possible. 


Existing core designs 


Analysis of existing core designs (E, EC, PM, PQ and RM 
cores, Ref.8) shows that performance agrees well with values 
of fy. The performance of the smaller cores is found to be 
relatively poor at 50 kHz due to lack of sufficient winding- 
window height for ideal windings. 

The effectiveness of the use of core materials is another 
important consideration, since it directly affects the weight 
of an SMPS. Constant cross-section E cores generally have 
the best. power-to-weight ratios. 
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SWITCHED-MODE POWER SUPPLIES 


The essential difference between switched-mode and con- 
ventional (mains) power supplies is operating frequency. 
Whereas conventional power supplies operate at mains fre- 
quencies, 50Hz or 60Hz, switched-mode power supplies 
(SMPS) operate at frequencies of the order of 50 kHz. The 
complications associated with operation at these high fre- 
quencies are more than compensated for by the savings in 
weight and volume, especially of transformers and smoothing 
components. 

Voltage conversion and control in SMPS is achieved by 
chopping the incoming supply voltage with a high-speed 
switch such as a transistor. The chopped voltage is applied to 
a transformer which performs voltage conversion and provides 
isolation. This transformer is generally wound on a ferrite 
core, and is much smaller and lighter than a 50 Hz unit of 
comparable power capacity. Fine control of output voltage is 
obtained by varying the duty cycle of the switch. 

Most SMPS converters require a d.c. input and provide a 
d.c. output. For operation from the mains, therefore, a recti- 
fier and smoothing circuit generally precedes the converter 
itself, Fig.A. 


SMPS converters 


There are three basic SMPS converter arrangements; they and 
their variants are discussed in detail in Ref.1. 

In the forward converter, Fig.B, power is transferred 
directly to the load while the switch is closed; the energy 
stored in the inductor is transferred to the load while the 
switch is open. The switch may be transformer coupled to 
the inductor for input/output isolation. 

In the flyback converter, Fig.C, power is stored in the in- 
ductor while the switch is closed and transferred to the load 
while the switch is open. The functions of transformer and 
inductor may be combined where voltage transformation is 
required. 

The push-pull converter is, effectively, a forward converter 
in which the output choke is driven by any push-pull arrange- 
ment of power transistors, including a full bridge, Fig.D. 
Operation after the transformer is similar to that of a forward 
converter, but with twice the effective switching frequency. 


Transformer and choke requirements 


There are two main boundary conditions for the power trans- 
former: it must not saturate (otherwise the power transistors 
will be damaged) and it must not overheat. In addition to 
these boundary conditions, the output choke should be 
capable of storing sufficient energy to deliver one output 
cycle so that ripple will be low and regulation good. 

Saturation is prevented by designing for worst probable 
combinations of load change and input voltage fluctuation. 
In forward converters, provision must be made for removing 
energy stored in the transformer at the end of the ON period 
of the switch. In push-pull converters, the degree of symmetry 
achievable in both power switches and transformer windings 
determines the unbalance allowance. 

Overheating of the transformer and choke is prevented by 
calculation of total power dissipation: core hysteresis and 
eddy current losses, and winding losses. 
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Mechanical design is of great importance since this in- 
fluences manufacturing cost and transformer production 
cost. The core should be cheap to manufacture. Enclosed 
cores, such as pot cores and their variants (RM, PQ, PM 
cores) are more expensive to make than E cores for a given 
power capacity. However, round centre legs make for easier 
winding, with less leakage inductance — especially for strip. 
For all but the smallest transformers, E cores result in more 
compact design than U cores. Finally, due to their sym- 
metry, E cores require some 20% less core material for a 
given power capacity than U cores, with a consequent 
reduction in eddy-current losses. This last point is of 
especial importance at higher operating frequencies. 


Core design requirements 


From this theoretical and practical background the require- 
ments for a new core design are clear. The range of cores 
should be optimised for frequencies appropriate to their 
power handling capacity: SO kHz for 300W, 100 kHz for 
100 W, for example. This requires proper choice of fy, and 
ff. Optimisation should be aimed at forward-converter 
applications (the cores will then also be suitable for un- 
balanced push-pull converters). 

The design of the associated coil formers is also critically 
important. They should be suitable for automatic handling. 
A large number of pins is required, both for flexibility of 
layout and to accommodate multiple secondaries. 

The core and wound coil former should be quick and 
easy to assemble. The combination should be designed for. 
horizontal mounting on p.c. boards to minimise height and 
make termination of strip windings easier. 


THE ETD SYSTEM 


The cores 


These criteria have been adopted in the design of the ETD 
cores (Ref.8). They are constant cross-section E cores in 
Ferroxcube 3C8 ferrite with round centre legs, photo and 
Fig.6, and are designed for 


— minimum throughput powers in the range 100 W to 300W 
— economical manufacture 

— minimum weight of ferrite 

— operating frequencies in the range 50 kHz to 150 kHz 

— high throughput power density | 

— mains isolation 

— minimum transformer volume and p.c. board areas. 


Magnetic properties are given in Table 3. 
The ETD cores are compared with existing core designs 
for power per unit weight in Fig.7. Throughput power areas 


as a function of frequency for ETD cores are given in Fig.8, 


and the optimum flux density sweep in Fig.9. 
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TABLE 3 
Magnetic dimensions of ETD system cores 

core Acp min Ae Ve Le 
type (mm?) (mm?) (mm*) (mm) 
ETD 34 87 97.1 7 640 78.6 
ETD 39 117 125 11 500 92.2 
ETD 44 167 173 17 800 103 
ETD 49 204 211 24 000 114 


7280391 


mid-limit dimensions (mm) mass 
core (a) 
ey a dg dz hy hg b (core half) 
ETD 34 34.2 26.3 108 17.3 12.1 10.8 20 


ETD 39 39.1 30.1 12.5 19.8 14.6 12.5 30 
ETD 44 440 333 149 22.3 16.5 149 47 
ETD 49 8 48.7 37.0 164 24.7 18.1 16.4 62 


Fig.6 Outline drawing and dimensions of the new ETD core range 


7280392 


Power 
core weight 


| | Lt 
, Z 
Zp J 
ZG g 
iy) ] 
35 Wa 50 , 2 Z 


Fig.7 The throughput power per unit weight of core material 
for ETD cores compared with that of other popular core types 
at two operating frequencies: 50kHz (shaded areas) and 
100 kHz (open areas). Forward-converter operation is assumed 
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These ETD system components provide OEMs with the most efficient and economical route to SMPS transformers 
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Fig.8 Throughput power as a function of frequency for ETD cores in forward-converter transformers 
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— there is at least 8 mm creepage distance from the pins to 
the ferrite core 


ica £BO996 


Basta -- the pegs between the slots allow wire to be run from 
sil any one slot or pin to any other | 

per a ities Mie, dobcal: vet Pe _— the four support legs provide 8mm creepage distance 
; ae eae) aL a tticea® 9) ae Pa a between the windings and the p.c. board 


— the hood over the pins provides 8 mm creepage distance 
between leadouts and assembly clips 


Forward 


— a separate earthing clip for the core is to be available. 


Sun — 


The coil former itself is moulded in polybutylene tere- 
i ak a a phthalate, a high-grade, flame retardant (UL 94-VO), 
ass ae thermoplastic. Windings dimensions are given in Table 4. 


PREC Ng STATE ! UeSe epee OER Pin NEE Hate) esl Ne REN 
30 40 50 60 708090 100 150 
f(kHz) 


1.ETD34 2.£1D 39 3.ET044 4.ETD 49 TABLE 4 
Winding dimensions of ETD-system coil formers 
Fig.9 Optimum flux-density sweeps for ETD cores BcFr HcF Lay 
vee (mm) (mm) (mm) 
ETD 34 20.9 5.9 61 
The coil former and assembly hardware ETD 39 25.7 6.9 69 
Simple, rapid winding and assembly of ETD-system based ETD 44 29.5 13 78 
transformers and chokes is made possible by the coil former ETD 49 32.7 8.4 86 


of Fig.10, together with the associated snap-on stainless- 
steel assembly clips. 


Principal features of the design are indicated in Fig.10: ETD system components provide OEMs with the most 


— the length and number of slots gives a wide choice of efficient electrical, magnetic and mechanical route to full, 
lead-out position economical, automated production of SMPS transformers. 


1 — pegs allow wires to be taken from 
most appropriate slot to chosen pin 

2 — these plates give 8 mm creepage dis- 
tance between wires and assembly 
clips 

3- legs give 8mm creepage distance 
from windings and p.c. board. 

4— 8mm creepage from pins to core 

5 — multiple slots for maximum free- 
dom of lead-out position 


Fig.10 Coil former design for the ETD system, 
intended for automatic winding 
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INTRODUCTION 

Airpax has introduced a range of five 
new 4-phase stepper motors which can 
be directly driven by an SAA1027 inte- 


grated circuit without the need for dis- 


crete power stages or compensating 
networks. Both the IC and the motors 
can operate from a single 12V supply. 
The high noise immunity design of the IC 
makes the system particularly suitable 
for use in electrically noisy environ- 
ments. Use of the new motors and IC will 
drastically reduce the cost and complex- 
ity of stepper motor systems and thereby 
open up many new areas of application 
for digital motor control systems. ° 


THE STEPPER MOTORS 

The five new stepper motors are similar 
to our present industrial range with modi- 
fied stator windings to match them to the 
output capability of the SAA1027 
(350mA each phase). The maximum 
torque and pull-in rates obtained from 
the motors when they are driven by the 
SAA1027 are given in Table 1 for easy 
reference: the torque/speed character- 
istic curves and outline drawings of the 
motors are given in the Technical Data 
section of this publication. 


THE INTEGRATED CIRCUIT 

The SAA1027 integrated stepper motor 
drive circuit is contained in a 16-pin DIL 
plastic package and is shown in block 
diagram form in Fig. 1. The circuit com- 
prises three input stages, a logic section, 
and an output stage for each of the four 
stator windings of the motor. The three 
input stages are compatible with high 
noise immunity logic to ensure correct 
operation in electrically noisy environ- 
ments: 


e The trigger stage accepts the 
incoming pulse train which initiates 
the logic section switching 
sequence, and thereby controls the 
speed of rotation and ultimate 


* 


Clockwise/counter-clockwise 
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Table 1. Quick Reference Data for the Motors 


STEP 
ANGLE 


CATALOGUE NO. 


9904 112 04002 
9904 112 05001 
9904 112 06001 
9904 112 07005 
9904 112 08001 


Table 2. Brief Data for the SAA1027 


Supply voltage Vp 
Load current (Each output) lq 


HIGH logic input level 
LOW logic input level 


angular position of the motor drive 
shaft. 

e The set stage accepts a logic level 
input which overrides the switching 
sequence of the logic section and 
sets the output stages to a pre- 
determined logic state. This facility 
simplifies the programming of a 
system by allowing the motor drive 
shaft to be pre-positioned. 

e The cw/ccw* stage accepts a logic 
level input which reverses the 
switching sequence of the logic 
section, thereby reversing the 
direction of rotation of the motor 
drive shaft. 


The logic section contains a 4-bit bi- 
directional synchronous counter which 
switches the four output stages in the 
correct sequence to cause the motor 
drive shaft to rotate at the speed, and in 
the direction, dictated by the input sta- 
ges. 


The four output stages switch the supply 
current to the four phases of the motor 
stator. Each output stage is capable of 
switching a current of 350mA and incor- 
porates an integrated diode for protec- 
tion against transient spikes caused by 
switching the stator windings. — 


Brief data for the SAA1027 is given in 
Table 2. Further information is given in 
the Technical Data section of this publi- 
cation. | 
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MAX. TORQUE 


Vey» Vso; VTH 
Var Vs VTL 


MAX. PULL-IN RATE 
(STEPS/S) 


240 
140 
120 
350 
120 


(mNm) 


9.5V to 18V 
350mA max. 
7.5V to Vp 

OV to 4.5V max. 


THE SYSTEM 
A practical stepper motor drive system 
and pulse diagram are given in Fig. 2. 


Electrical Requirements 

The system is powered from a single 
12V supply with a current output com- 
patible with the motor being driven. The 
current applied to pin 4 of the IC must be 
adjusted by selection of resistor Ag for 
each type of motor in accordance with 
Table 3. 


Table 3. Selection Of Resistor Rg 


ISYSTEM 
(mA) 


- MOTOR _ 


Re VALUE 


9904 112 04002 
9904 112 05001 
9904 112 06001 
9904 112 07005 
9904 112 08001 


470 92, 0.33W 
220 £2, 0.67W 
220 22, 0.67W 
620 92, 0.33W 
220 22, 0.67W 


The relationship between the current at 
pin 4 of the IC and the output current is 
given in the Technical Data section of 
this publication. 


Trigger Input T 

The repetition rate and the number of 
pulses applied to pin 15 of the IC deter- 
mine the stepping rate and ultimate 
angular position of the motor drive shaft. 
The steps are initiated by the positive- 
going edges of the pulses in the se- 
quence shown in Table 4. The '0' state 
shown in the table is the logic state of 
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BLOCK DIAGRAM 


the outputs when the ‘set’ input is operative. 


Set Input S 

The output switching sequence can be set to 
a predetermined logic state (Q; =L, Qo =H, 
Q3 =L, Q4 =H), by applying a LOW voltage 
level to pin 2 of the IC. This input is only 
effective if the voltage level at the trigger 
input is HIGH. To achieve maximum noise 
immunity, this input should be connected 
permanently to the HIGH voitage level if it is 
not required. 


Direction Of Rotation Input R 

The output switching sequence of the IC, and 
therefore the direction of rotation of the motor 
drive shaft, is determined by the level of the 
voltage applied to pin 3 of the IC. If the 
voltage level is HIGH, the drive shaft will 
rotate counter-clockwise: if the level is LOW, 
the drive shaft will rotate clockwise. The level 
of the voltage applied to pin 3 can be 
changed at any time regardless of the logic 
state of the other two inputs. To achieve 
maximum noise immunity, this input must not 


Table 4. Output Switching Sequence 


BIDIRECTIONAL 
4 POSITION 
SYNCHRONOUS 
COUNTER 


OUTPUT 
STAGES 


Figure 1. Block Diagram Of The SAA1027 


be left floating if not used, but should be 
connected to the voltage level appropriate to 
the required direction of rotation (to pin 14 for 
counter-clockwise; to pin 5 for clockwise). 


Precautions to Minimize the 


Effects of Switching Transients 
If the IC and the motor are connected to the 
same supply source, a simple RC-network 
must be connected in the supply line to the 
logic part of the IC to prevent the switching 
sequence from being disturbed by transient 
spikes caused by switching of the motor 
windings. This network, which consists of a 
resistor of 10082 and a capacitor of 0.1yF, is 
shown in Fig. 2 and Fig. 3. The capacitor must 
be located as close as possible to pins 14 
and 5(12) of the IC. The connection between 
the common line of the four integrated clamp- 
ing diodes (pin 13) and the common line of 
the four motor windings must be as short as 
possible. 


Minimizing the Dissipation of 
the IC 

The four integrated clamping diodes dissipate 
the energy which is stored in the motor 
windings when outputs Q are switched off. 
This dissipation (Pp) is different for each of 
the motors and adds to the normal dissipation 
of the IC. If it is necessary to reduce Pp to 
prevent overheating of the IC, the integrated 
clamping diodes must be disconnected, by 
removing the connection from pin 13, and 
four discrete clamping diodes must be con- 
nected to the motor windings as shown in Fig. 
3 
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TECHNICAL DATA 


Electrical Requirements of the 


Drive System 
The various parameters are shown in Fig. 1. 


Supply Characteristics 

Control circuit supply Vp 9.5-18V 
voltage (12V typ.) 

Control circuit supply 


current at Vp=12V_ Ip 4.5mA typ. 
Output circuit current Ig see Fig. 4 
Output circuit bias 

voltage at pin 4 Vp see Fig. 5 
Motor supply voltage V, 1.5-18V 

(12V typ.) 

Total motor current Im 70O0mA max. 
Motor current in one 

stator lq 350mA max. 
Saturation voltage of 

output transistors at 

Iq = 350mMA 

(pins 6,8,9 and 11) Vsar <1V 


input Levels R, S and T 


HIGH Vay, Vso, VtH 7.5V to Vp 
IRH> IsH, ItH 1A typ. 
LOW Vat, Vs.» Vr_ 0-4.5V max. 
IRL: Ist. tL - SOA typ. 
Ratings 


Limiting values in accordance with the Abso- 
lute Maximum Rating System (IEC 134). 


Voltages 

Voltage to pins 6, 8, 9, 18V max. 
11, 13 and 14 

Input voltages A (pin 3), Vp max. 


S (pin 2) and T (pin 15) 
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Currents 
Output currents /g; (pin 6), 500mA max. 
Igo (pin 8), /gg (pin 9) and /g4 (pin 11) 


Bias current into pin 4 Ip 90mA max. 
Thermal Resistance 
From junction to ambient Ap, jq 70°C/W 


IsYSTEM 
—_——pP 


SAA1027 


Junction Temperature Tj 125°C Max. 


STEPPER MOTOR 
CHARACTERISTICS 

Each of the five stepper motors will have 
its own typical performance when it is 


STEPPER 
MOTOR 


cw ——— ——> CCW 


WF05040S 


Figure 2. Connection And Pulse Diagrams For The Drive System. 
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connected as shown in Fig. 2 with the 
value of resistor Ag correctly selected. 
The typical torque/speed characteristics 
for the motors under these conditions, 
together with a typical dimensioned me- 
chanical outline drawing is given in 
Fig. 6. 
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Figure 3. External Spike Suppression Diodes 
Being Used To Reduce The Dissipation Of The IC. 
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Figure 4. Relationship Between Output Current And Bias Current. 
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Figure 5. Relationship Between Bias Voltage At Pin 4 And Bias Current. 
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Figure 6. Dimensions And Torque/Speed Characteristic For Stepper Motor 
9904 112 04002, And The Temperature Rise Of The IC With And Without External Diodes. 
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E. B. G. NIJHOF and H. W. EVERS 


There has long been a need for a smaller and more efficient 
alternative to the transformer/rectifier/series-stabiliser cir- 
cuit for deriving a constant, easily-isolated d.c. supply from 
the mains. The development of high-voltage switching tran- 
sistors, such as our BUX80 series, has allowed the construc- 
tion of SMPS circuits which go a long way toward meeting 
this need but are still far from providing the ideal answer to 
the problem. The main drawbacks of the SMPS, when it is 
supplied from the 220 V/240 V mains, are limited efficiency 
due to switching losses and dissipation in dV/dt limiting 
RC networks, mains pollution and 1.f.i. due to the genera- 
tion of near-rectangular current waveforms, difficult trans- 
former design, and the need for a complex control circuit 
to ensure continued operation with an open-circuit or 
short-circuit load. A circuit that overcomes these drawbacks 
is the series-resonant power supply (SRPS) which incorpor- 
ates an inverter in which a semiconductor switch maintains 
sinusoidal oscillation in a series-resonant LC network. Al- 
though the high-frequency sinusoidal currents generated in 
an SRPS allow it to be made compact and efficient, with 
far less mains pollution and r1.f.i. than the SMPS, its use has 
so far been restricted to low-voltage power supplies due to 
the lack of a suitable low-loss, high-voltage semiconductor 
switch. 

Our recently introduced range of GTOs (gate turn-off 
Thyristors described in Ref. 1, 2 and 3) with their high VA 
ratings, fast switching and simple, transistor-like drive, now 
allow the construction of SRPS circuits which can operate 
from a rectified mains input and will undoubtedly replace 
the SMPS for controlled mains power conversion in appli- 
cations such as television sets, industrial drives, fluorescent 
lighting systems, microwave and inductive cookers. The 
SRPS is also suitable for controlling the speed of d.c. series- 
wound motors in domestic appliances, and for reducing 
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harmonic distortion in the mains supply by acting as a 
buffer between the mains and a d.c. power supply. The 
main advantages of the SRPS are: 


— It isa more than 90% efficient power converter. 


— It causes minimal mains pollution because the mains in- 
put current can be made sinusoidal 50 Hz in phase with 
the mains voltage. 


— It can be built with a single, easily-designed, inductive 
element (transformer) which also provides mains isola- 
tion. 


— It continues to operate with the output short-circuit. It 
also continues to supply a well-stabilised output when it 
is not connected to a load. 


— It can be made self-starting and does not therefore need 
a small 50 Hz transformer to supply the control circuit 
for the GTO. 


Survey of GTOs for SRPS 
type VDRM ITCRM IT(AV) a 
number (V) (A) (A) 
BT 157 1500 10 2.2 TO-220 
1300 10 22 TO-220 
BTW58 1500 25 6.5 TO-220 
1300 25 6.5 TO-220 
1000 29 6.5 TO-220 
BTW59* —_ 1500 50 12 TO-238 
1300 50 12 TO-238 


* With isolated base. 
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PRINCIPLES OF SRPS OPERATION 


Figure 1 is the basic circuit of an SRPS, the operating prin- 
ciple of which depends on sinusoidal alternating current 
generation in the L1C1Co circuit. For guaranteed self-oscil- 
lation, there are two conditions regarding the values of the 
components. The inductance of Lg must be at least ten 
times that of Lj, and the value of Co must be at least twice 
that of Cj. The operation of the circuit will first be de- 
scribed without a load connected to Vo and with a very 
brief conduction period for the GTO. This will be followed 
by a description of the circuit operation under similar con- 
ditions but with a longer conduction period for the GTO. 
Since the behaviour of the SRPS is complex (it sometimes 
functions as a fourth-order network), a complete analysis of 
the circuit is only possible with the aid of a computer; these 
theoretical descriptions are therefore only intended to give 
a basic understanding of the circuit operation and are fol- 
lowed by plots of the current and voltage waveforms de- 
rived by computer analysis of the basic circuit. The article 
concludes with a description of ten methods of connecting 
a load to the SRPS. 
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Fig.1 Basic SRPS circuit 


Unloaded circuit with brief GTO conduction period 


The waveforms for this mode of operation are given in 
Fig.2. Since Ls>L 1, and Ig is very small, the influence of 
Lg and Ig on the circuit behaviour can be disregarded for 
this simplified description. 

In the steady state, with the GTO turned off, Cj is 
charged to Vs. Assume that the GTO is turned on for the 
very short time necessary to just discharge C,. Further 
assume that current Ij is negligible during this brief on-time 
of the GTO. When the GTO is switched off, current I] oscil- 
lates sinusoidally about zero at the resonant frequency of 
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Fig.2 Waveforms of the basic SRPS for the shortest possible 
conduction time for the GTO 


the circuit comprising L] together with Co and Cy in series: 


_ 1 
V(L1 Ctot) 
where 
CiCo 
Oe Ciece 


The peak oscillatory current is the supply voltage divided 
by the impedance of the resonant circuit (Z1), 


Vs Ctot 
a (1) 


which has an instantaneous value 


_ Vs . 
Ij = Zoe 


For stable self-oscillation of the circuit, the minimum level 


of Vj must just reach zero during each cycle. The instan- 
taneous value of Vj is therefore given by 


V1 = Vs (1 — cos wt) 

V1 = 2Vs5 (2) 
the a.c. component of which is 

Viac. = V1 — Vs= Vs 


This voltage therefore oscillates sinusoidally between 0V 
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and 2 Vs and has an average value equal to the supply 
voltage (Vs). Since the average value of the oscillatory 
current Ij must therefore be zero, it is apparent that, as is 
to be expected, power is not drawn from the supply when 
the output from the circuit is unloaded. 

The ratio Vo/V) is determined by the ratio of the values 
of Cj and Co. The peak value of Vo is 


the a.c. component of which is 


Fe Cy 
Voa.c, = Vo — Vs = Vg Co (3) 


Unloaded circuit with longer GTO conduction 
period 


The waveforms for this mode of operation are given in 
Fig.3. If the conduction period of the GTO is made longer 
than that necessary to just discharge Cj, considerable 
current due to Ig and the discharge of Co is flowing in Lj 
at the turn-off instant. This value of I, will be denoted Ioff. 
The peak oscillatory current V<./Z1 from equation (1) will 
now increase, in proportion to the ratio Ipff to Vs/Z1, by a 
factor 


wy (EY 


Fig.3 Waveforms for the longest possible conduction time for 
_ the GTO and Vj = 1200 V max, V,= 300 V, Cy = 10nF, 
Co = 22 nF, Lo =10mH, Ly =1 mH, M=3 


9-191 


Application Note 


AN(128 


The peak current through Lj will therefore be 


ia (4) 
1= Zz 


The peak voltage across Cj in Eq.(2) was Vs above its 
average value Vs. The rise of Vj above Vg will now increase 
by the multiplying factor M, which gives 


V1 = Vs + MVs = Vs (M + 1) (5) 
the a.c. component of which is 
Vi ac. = MVs 


Solving Eq.(5) for the maximum multiplying factor in terms 
of the supply voltage and the maximum allowable peak 
voltage across the GTO gives 
v1 
Mmax = Ve ] (6) 
The a.c. component of the output voltage is Vj 4c. multi- 
plied by the ratio Cj/Co, which gives 


: Viac. C1  MVsCy 
Vo a.c. = Sagi ee (7) 
Oo oO 


Voltage control range of the basic SRPS 


Assuming that Vg is the rectified mains voltage (300 V) and 
that the maximum peak voltage permitted across the GTO 
(V1) is 1200 V, then from Eq.(6) the maximum multiplying 
factor is 3 and, from Eq.(4), the maximum peak current 
through L is 


_ _3Vs | is 


Comparing Eq.(1) and (8) shows that the peak current 
through Ly increases threefold when the conduction 
period of the GTO is increased to the maximum allowed by 
the permitted peak voltage across the GTO (V1). Comparing 
Eq.(2) and (5) shows that, with M=3, the peak voltage 
across the GTO increases from 2Vs = 600 V to 4V, = 1200 V 
when the conduction period of the GTO is changed from 
minimum to maximum. Comparing Eq.(3) and (7) shows 
that, with C1/Cy) =0.5, the control range for the a.c. com- 
ponent of Vo is 


Vo a.c. min =0.5 Vs = 150V 

Vo a.c, Max = 1.5 Vs =450V 
The circuit can therefore be used as a power converter with 
its output voltage controllable over a 3:1 range by varying 
the conduction period of the GTO. 

Alternatively, for a lower supply voltage such as V,= 


100 V, and the same maximum peak voltage Vj = 1200 V, 
the maximum multiplying factor from Eq.(6) is 11. Solving 
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1 
Vo 500 


(V) 750 


|. 9,50 
.o) 
{A) 0,25 


A A 
V,=630 V,=490V M=1,1 V,=820V Vo=590V M=1,7 
7286241 7286243 


(a) (b) 


A A A 
V,=1000V Vy=770V M=23 ¥,=1200v V)=1030V M=3 
7286242 7286240 


(c) (d) 


Fig.4 Computer plots of the waveforms in the circuit of Fig.1 with V,=300V d.c., Lg=10mH, Ly=1mH, Co=20nF, Cy =10nF. 
The dotted sections are the conduction period of the GTO, which is the maximum allowed by the V4 specification 
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Eq.(2) and (5) for Vs shows that the variation of supply 
voltage (Vs) that can be compensated by variation of the 
conduction period of the GTO is: 


V1 
Vsmin = 4] = 100 V Vs max = 2 = 600 V 
The SRPS output voltage can therefore be stabilised against 
a 6:1 d.c. supply voltage variation by varying the conduc- 
tion period of the GTO. 


Computer plot of the SRPS voltage and currents 


As shown in Fig.4, a computer program has been used to 
plot the exact time functions for Io, 11, Vo and Vj with Vs 
= 300 V d.c. and components values Lg = 10 mH, Lj = 1 mH 
Co=20nF and Cy=10nF. The computer plots have been 
made for peak values of Vo of 490 V, 590V, 770V and 
1030 V. Subtracting V,= 300 V from these figures gives the 
a.c. component of Vo, which is about 190 V, 290 V, 470 V 
and 720V respectively. This shows that the available out- 
put voltage control range for V,;=300V and Vj max. = 
1200 V is at least 3.8:1 instead of 3:1 as calculated in Eq.(3) 
and (7). This is due to the fact that the voltages across the 
capacitors in the oscillatory circuit are almost 180° out of 
phase so that the voltage division between them is not di- 
rectly proportional to their values. The plots also indicate 
that the operating frequency decreases as the conducting 
time of the GTO is increased. 


Extracting power from the SRPS 


There are three basic methods of extracting power from the 
SRPS. They are: 


— From capacitor Co, via a diode, to an output electrolytic 
capacitor. Since the output voltage Vo ac. is superim- 
posed on the input d.c. level Vs, the voltage across the 
electrolytic capacitor will always exceed Vs. The circuit 
is therefore an up-converter and its main use is as a 
buffer between the mains and a d.c. power supply unit. 


— From capacitor Co via a capacitor which blocks the d.c. 
component of Vo so that pure a.c. is available at the out- 
put. This circuit is suitable for driving resistive loads and 
fluorescent lighting tubes. If the output from the block- 
ing capacitor is rectified in a voltage doubler circuit, this 
type of SRPS is suitable for controlling the speed of a 
series-wound d.c. motor. 


— By replacing inductor L, with a transformer. This ar- 
rangement gives the best performance because it gives 
very good mains isolation and the load can be correctly 
matched to the SRPS by adjustment of the turns ratio of 
the transformer. This type of circuit can drive resistive 
or rectifier loads and can also be used as a supply for flu- 
orescent tubes. For rectifier loads, however, the leakage 
inductance of the transformer must be made very low; 
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for example, by using sandwiched windings. The final 
part of this article shows how inductor Lj can be inte- 
grated with the transformer to overcome this problem 
and create an SRPS with a single inductive component. 


PRACTICAL SRPS CIRCUITS WITHOUT MAINS- 
ISOLATION 


Direct-coupled SRPS up-converter 


The circuit of this type of SRPS is given in Fig.5. Diode Do 
half-wave rectifies Vo and feeds the resultant half-sinewaves 
to output electrolytic Co. Since the average value of Vo is 
Vs, the rectified half-sinewaves at the output are superim- 
posed on the d.c. input voltage and the d.c. output voltage 
must necessarily exceed this level. The circuit is therefore 
an up-converter. The percentage of the total output power 
which has to be converted by the series-resonant circuit is 
(Vo — Vs)/Vo. For Vs = 200 V (average voltage of full-wave 
rectified 220 V mains) and Vo ac, = 500 V, this amounts to 
only 60 % of the total output power. This, together with 
the inherent high efficiency of the SRPS (about 95 % at 
Vs = 200 V d.c.), allows the circuit to feed some current to 
the load, even when the input voltage is as low as 10 % of 
the output voltage. For Vo ac. = 500 V to 600V, the full- 
wave rectified mains input need not therefore be smoothed 
and can be obtained directly from a bridge rectifier follow- 
ed by a low value decoupling capacitor (a few uF). This ar- 
rangement results in an SRPS up-converter with a well- 
stabilised d.c. output with a low level of superimposed 
100 Hz ripple. Since the 50 Hz mains current flowing via 
the bridge rectifier without a high value smoothing capaci- 
tor is sinusoidal, the circuit can convert unlimited power 
without exceeding the limits of mains harmonic generation 
specified for domestic equipment in CENELEC specifica- 
tion EN 50 006. 
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Fig.5 SRPS up-converter 
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The foregoing considerations indicate that the main use 
for this type of SRPS is for reducing mains distortion by 
acting as a buffer between the a.c. mains supply and a 
500 V to 600 V d.c. power supply of more than 500 W. 


Capacitively-coupled SRPS circuits 


In capacitively-coupled SRPS circuits, the d.c. component 
of voltage Vo is blocked by a capacitor between Co and the 
output rectifier. The circuit is given in Fig.6 which shows 
three methods of rectifying the a.c. component Vo. 


Circuit 1. In circuit 1 of Fig.6, the a.c. component of Vo 
is rectified in a voltage doubler circuit that applies a posi- 
tive d.c. voltage to the load. Like the previously described 
up-converter, this circuit works best with a d.c. output of 
more than 500 V, but has the added advantage that it is im- 
mune to output short-circuit. The main use of circuit 1 is 
speed control of a series d.c. motor connected as shown in 
Fig.7. Since inductor Lg has now been replaced by the 
series-connected armature and field windings of the motor, 
the SRPS has an effective input voltage of Vs minus the 
back e.m.f. Since the back e.m.f. is proportional to the cur- 
rent through the motor at a given speed, it is not necessary 
to use a high value capacitor to smooth the rectified mains 
input. The current flowing in the 50 Hz mains can therefore 
be made sinusoidal so that mains pollution is minimal. The 
range of back e.m.f. must not exceed about 75 % of supply 
voltage Vs so that the SRPS can still supply a reasonable 
amount of current when the motor is running at full speed. 
Circuit 2. Circuit 2 of Fig.6 is similar to circuit 1 except 
that the output rectifier/voltage doubler is connected to 
provide a negative d.c. output voltage. The possible uses for 
this circuit are few. 

Circuit 3. Circuit 3 of Fig.6 is again similar to circuits 1 
and 2 except that the output is bridge-rectified. Since the 
bridge rectifier provides half the average output voltage of a 
voltage doubler rectifier, the minimum peak value for the 
d.c. output can be reduced to about 250 V. A disadvantage 
of the circuit however, is that the output is floating with re- 
spect to the return line of the input voltage. 


SRPS CIRCUITS WITH MAINS ISOLATION 

Since capacitor Cjn has a much higher value than Co, Co is 

effectively in parallel with L, so that Vo appears across this 

inductor. If mains isolation is required, Ls can therefore be 

replaced by a transformer with output rectifier connected 

to the secondary winding (Fig.8). The manner in which the 

rectifier and transformer are connected then determines the 

mode of operation, i.e. power transferred to the load 

— when the current in the primary winding of the trans- 
former is positive (forward mode, circuit 1) 

— when the current in the primary is negative (flyback 
mode, circuit 2) 

— when the current in the primary is positive and when it 
is negative (forward flyback mode, circuit 3). 
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Fig.6 SRPS circuits with capacitively coupled output 
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Fig.7 SRPS with capacitively coupled output controlling the 
speed of a d.c. series-wound motor 
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In circuit 3, a bridge rectifier can also be used with an un- 
tapped secondary winding. 

In addition to driving rectifier loads via a transformer 
with low leakage inductance, these circuits with trans- 
former-coupled output are also suitable for driving a resis- 
tive load or a load that behaves like a voltage source, for 
example, a fluorescent lamp or a magnetron in a microwave 
cooker. The best performance is obtained with a d.c. out- 
put of about 300 V. 
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Circuit 3 


Fig.8 SRPS circuits with transformer coupled output 


SRPS with a single inductive component 
(transformer) 


In the circuits shown in Fig.8, inductor Lj is rather bulky 
because, at operating frequencies of about 50 kHz, the flux 
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swing in the core is quite large. It is therefore necessary to 
use a large core to prevent saturation and consequent over- 
heating due to hysteresis losses. The core heating problem 
can be completely overcome by constructing the output 
transformer in such a manner that Ls is formed by the pri- 
mary self-inductance and magnetising inductance of the 
transformer, and L 1 is formed by the primary and second- 
ary leakage inductances. The flux swing of the transformer 
core is then quite small and the hysteresis losses are low. 

Figure 9 shows how inductor L] can be integrated with 
the output transformer. Firstly, since Cjn is a much higher 
value than Co, Co is effectively in parallel with the primary 
winding of the transformer and can therefore be connected in 
this position. Secondly, if the value of Co is multiplied by the 
square of the turns-ratio of the transformer, it can be con- 
nected in parallel with the secondary winding. Finally, since 
there is now no connection to the junction of Ls and Lj, L] 
can be integrated with the output transformer. This final step 
is clarified by the equivalent T-circuit of the transformer 
given in Fig.10. Since a requirement for guaranteed self- 
oscillation of the SRPS is that the value of Lg is at least ten 
times that of Lj, the minimum coefficient of coupling for 
the transformer is 0.8. A transformer with sufficient leak- 
age inductance can easily be constructed on a pair of fer- 
roxcube U-cores with the primary wound round one pole 
and the secondary wound round the other. If the external 
magnetic field with this type of construction is too great 
(for example, in a television receiver), the primary and 
secondary windings can be stacked on the gapped centre 
pole of a pair of E-cores. Experiments have shown that 
when this type of transformer is installed in a working 
SRPS and positioned within 4 cm of the deflection coils ofa 
26-inch CTV set with a 30AX deflection system, there is no 
perceptible distortion of the raster. If the transformer is 
positioned within 4 cm of the most sensitive part of the 
tube (cathode, grid 1 and 2 area), the maximum distortion 
of the raster is 1 mm. 


Typical construction of a mains-isolated SRPS output trans- 

former in which the leakage inductance is used for Lg. This 

transformer is for a 150W to 200 W power supply operating 
at a frequency of 30 —40 kHz 
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Fig.9 The three stages of integrating inductor L4 with the 
output transformer of an SRPS 
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Approximate relations in the equivalent circuit (Lz > 10L4) 
Ly = 2Lieak 
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Fig.10 Transformer equivalent T-circuit 
with ideal transformation 


An important advantage of the SRPS with a single in- 
ductive element is that it is inherently immune to a short- 
circuited output. It is therefore self-starting, even with zero 
volts across the output capacitor, so it is not necessary to 
use a separate 50 Hz transformer to provide a supply for the 
GTO control circuit. 

The single-transformer SRPS can be used in any of the 
modes of operation illustrated in Fig.8 and can provide con- 
trolled power for all the previously mentioned types of 
load. Because the design of SRPS circuits is complex, we 
have calculated the time functions for the variables Vo, V1, 
Ip and Ij and used them in a closed-loop computer program 
to calculate the steady-state conditions for any set of input 
conditions. The computer program has also been used to 
construct a set of five universally-applicable graphs as a de- 
sign aid for SRPS circuits. 
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An a.c. static switch is an entirely elec- 
tronic circuit which uses a _ controlled 
rectifier (triac or thyristor) as its switching 
element. It is considerably more reliable 
than a mechanical switch or contractor 
because it has no moving parts and is 
therefore not subject to wear or contact 
erosion due to arcing. Furthermore, it can 
be silently and safely operated by a very 
low power mains-isolated circuit such as a 
simple mechanical contact, a thermistor 
bridge, or the output from a logic element. 


Static switches can be designed for either 
synchronous or asynchronous operation. 
Asynchronous switches are the less 
expensive of the two types but, since they 
can be operated at any instant during the 
a.c. voltage cycle, they can cause a rapid 
current rise in a switched resistive load 
and thereby generate considerable r.f. 
interference. This disadvantage can be 
overcome by using a switch that triggers 
the power switching element when the 
switched a.c. voltage passes through zero. 
Such a synchronous switch, however, 
tends to become expensive when con- 
structed from discrete components 
because it must incorporate complex cir- 
cuitry for detecting the a.c. voltage zero 
crossing instant and synchronizing the 
switching action. 


The TDA1024 provides an economic solu- 
tion to this problem. 


DESCRIPTION OF THE TDA1024 
The TDA1024 is an 8-pin dual-in-line inte- 
grated circuit which, together with a few 
peripheral components, can be used to 
construct on/off static switch circuits. It 
incorporates the following functions (see 
Figs 1 and 2): 


e a comparator with Schmitt-trigger 
action. This circuit compares the con- 
trol voltage at pin 5 with the reference 
voltage at pin 4 and switches on when 
the control voltage exceeds the refer- 
ence voltage. The hysteresis of the 
circuit is adjustable between 20mV and 
300mV by selection of the value of a 
resistor connected between pin 3 of the 
TDA1024 and the negative supply line. 


e an input buffer circuit with high input 
impedance and low output impedance. 
This circuit presents a low impedance 
to the comparator input so that the hys- 
teresis of the circuit is independent of 
variations of the input voltage. 


e ad.c. supply circuit which provides a 
zener-limited nominal 6.5V supply, at a 
current of up to 30mA, for application 
to the input bridge. 


® a zero-crossing detector which produ- 
ces an output when the _ sinusoidal 
voltage applied to pin 6 passes through 
zero. 


e acontrol gate which inhibits the output 
trigger pulse from the TDA1024 unless 
there are outputs from both the zero- 
crossing detector and the comparator. 

® an output stage which delivers a 
positive-going, mains-synchronized 
triac trigger pulse whenever the control 
gate is activated. The output from this 
stage is current-limited and protected 
against short-circuit. Since, for zero vol- 
tage switching, the current and voltage 
in the load must be in phase, the appli- 
cations of the TDA1024 described in 
this publication are restricted to the 
switching of resistive loads. 


The TDA1024 is mainly intended for appli- 
cations such as thermostatic control of: 


e central heating installations; 
e washing machine heaters; 

e water heaters; 

e smoothing irons; 

e industrial heating equipment. 


mains control circuit 
(Veg) d.c. supply 


ZENER LIMITED 


D.C. SUPPLY 


control 5 INPUT 
input BUFFER 


reference 


TDA1024 


COMPARATOR 


: | 


hysteresis 
control 


The circuit is also suitable for use in on/off 
lighting control systems. The input can be 
derived from a resistance bridge or from a 
logic element, either directly or via a photo- 
coupler if mains isolation is essential. 


PERIPHERAL COMPONENTS 
This section will show how to select the 
values for the peripheral components so as 
to ensure correct operation of the 
TDA1024 under worst-case conditions 
with regard to operating conditions such 
as mains voltage, triac characteristics and 
load characteristics. 


To aid the designer in selecting compo- 
nent values, larger versions of all the 
curves shown in this section are available 
on request. 


TRIGGER PULSE WIDTH AS A 
FUNCTION OF TRIAC LOAD 


The main advantage of triggering a triac at 
the instant when the applied voltage 
passes through zero is that this mode of 
operation renders the use of r.f. Suppres- 
sion components unnecessary. The trigger 
pulse (Fig. 3) must commence before the 
triac current (I7) falls below the holding 
level and must continue until it rises above 
the latching level. Since, in general, the 
latching current (IL) of a triac is 20% higher 
than its holding current (IH), the minimum 
width for the trigger pulse is equal to twice 
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Figure 1. Block Diagram of the TDA1024. 
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the time taken for the triac current to rise 
from zero to the latching level. 


The current passed by the triac is a func- 
tion of its on-state voltage, the load 
resistance, and the applied a.c. voltage. 
The required trigger pulse width (tp) is 
therefore a function of: 


e the latching current of the triac (Iv); 


e the applied a.c. voltage (V); Vy 


trigger ff LE | 
e the load resistance (R); pulse 


fees tp min A, 7271397 


e the on-state voltage of the traic (V7). 
The following equation can be derived: 


2 (ILR + Vr) Figure 3. Definition of Minimum Trigger Pulse Width 
tp min = Tr Tea ceREITY at t= 0. for Mains Zero-Point Triggering. 
d(V sin wt)/dt 
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Assuming that the load resistance has a 
tolerance of +5%, the a.c. voltage variation 
is +10% and the on-state voltage of the 
triac is a maximum of 2V at IL, the min- 
imum width of the trigger pulse in the 
worst case is: 


2.11LR+4 
rs 

in which 
V2 


power being controlled (P) 


Figure 4 shows tp as a function of P, with 
IL as a parameter, at four a.c. voltages. 


SYNCHRONIZATION RESISTOR 
VALUE AS A FUNCTION OF 
REQUIRED PULSE WIDTH 


The minimum width of the trigger pulse 
available from pin 2 of the TDA1024 is 
specified in the published data as 130us 
with a synchronization current into pin 6 
(Ig) of imA at 50Hz, and a d.c. output vol- 
tage at pin 8 of 5.5V (a.c. input voltage to 
pin 7: 220V, 50HZz). 


The general expression for the minimum 
width of the trigger pulse as a function of 
the current into pin 6 (see Fig. 5) is: 


tp min at le = ImA 
lé max X 103 


0.13 x 10 x Rs min 
Vmax 


tp min = 


Assuming a tolerance of +5% for Rs and 
+10% for the supply voltage, it would 
appear that the worst-case (lowest) value 
for tp min is given by: 


0.13 x 10°6 x 0.95 Rs 
1.1V 


tp min = 
This, however, is not realistic because the 
longest trigger pulse is required when the 
rate of change of the triac current is slow- 
est, i.e. when the applied voltage is 
minimum (see Fig. 3). The true worst case 
therefore occurs when the applied voitage 


is minimum and the pulse length due to Rs © 


is minimum (minimum Rs value). This is 
given by: 
0.13 x 10°6 x 0.95 Rs 
0.9V 
0.137 Rs x 106 
V 


tp min = 


Figure 6 shows the value of Rs as a func- 
tion of the required trigger pulse width 
with the applied a.c. voltage as a 
parameter. 
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Figure 4. Minimum Pulse Width as a Function of Switched Power for 
Four Supply Voltages, with Latching Current as a Parameter. 
Curve A, I, = 60mA; Curve B, i, == 100mA; Curve C, I, = 200mA. 
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Figure 5. Definition of the Value of the 
Mains Synchronization Resistor as a 
Function of the Required Trigger Pulse 
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Figure 6. Synchronization Resistor 
Value as a Function of Required 
Trigger Pulse Width with Applied a.c. 
Voltage as a Parameter. 


GATE RESISTOR VALUE ASA 
FUNCTION OF OUTPUT V/I 
CHARACTERISTIC AND TRIAC 
GATE CHARACTERISTICS 


The maximum amplitude of the pulse at 
the output (pin 2) of the TDA1024 is speci- 
fied in the published data as being not less 
than 4V at an output current of 100mA. 
Since the output stage is a voltage stabil- 
_ izer, the output voltage remains at 4V 
minimum for all output currents below 
100mA. If an attempt is made to draw a 
higher current at this output voltage, the 
output current is limited to 100mA. This 
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limiting action does, in fact, render a gate 
current limiting resistor unnecessary. 


Its use is, however, recommended to limit 
the gate current to its minimum value and 
thereby reduce the power dissipated by 
mains dropping resistor Rg by reducing 
the overall current consumption. 


The rectangular output V/I characteristic 
of the TDA1024 is shown in Fig. 7. Load 
lines for various values of gate resistor 
have been plotted on this diagram so that 
the maximum value of gate resistor (min- 
imum gate current) can be selected by 
plotting horizontal and vertical lines to 
represent the required minimum gate cur- 
rent and voltage that will reliably trigger all 
triacs of a particular type. 


If gate resistor values are to be calculated, 
Fig. 8 shows that: 


V2—V 
Bos, see 
IG 
therefore, 
4—Va 
RG max = 
IG 
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Figure 7. Gate Voltage as a Function of 
Output Current with Gate Resistor 
Load Lines. Example: for Vg = 1.5V and 
Ip = 62mA, Rg = 39k. 
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Figure 8. Definition of the Value of the 
Gate Resistor as a Function of the Out- 
put V/I Characteristic of the TDA1024 
and the Characteristic of the Triac. 
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From the last equation, it is obvious that 
the plots of Fig. 7 will result in an indica- 
tion of the maximum value for the gate 
resistor. If the plotted value falls between 
two load lines, the lower value must be 
selected for the gate resistor. 


COMPARATOR HYSTERESIS AS 
A FUNCTION OF PERIPHERAL 


RESISTOR Rp 

The comparator in the TDA1024 compares 
the input voltages at pins 4 and 5, and 
operates with Schmitt-trigger action and 
built-in hysteresis. The hysteresis 
increases the noise immunity of the circuit 
and prevents half-waving. It is adjustable 
between 20mV and 300mV by selection of 
the value of a resistor connected between 
pin 3 and the common return line. A dia- 
gram of the circuit is given Fig. 9 together 
with the transfer characteristic of the 
comparator. 


The current delivered by the current 
source (Ip) can be set by selecting a value 
for peripheral resistor Rp. Current Ip 
defines the voltage across resistor Rp int 
and therefore determines the voltage dif- 
ferential (the hysteresis) required between 
pins 4 and 5 of the TDA1024 to initiate 
output trigger pulses. 


The typical hysteresis of the circuit is plot- 
ted as a function of the value of Rp in 
Fig. 10. 


DETERMINATION OF MAXIMUM 
AVERAGE OUTPUT CURRENT 
AS A FUNCTION OF Rg WITH Rs 


AS A PARAMETER 


In this section, the maximum average out- 
put current of the TDA1024 will be 
calculated so that the minimum required 
supply current can be determined in the 
next section. Since the minimum required 
supply current is to be calculated in the 
next section, this section will show how to 
calculate the maximum output current at 
minimum supply voltage, and will trans- 
form the result into the maximum average 
output current that can occur under condi- 
tions of maximum trigger pulse duty cycle. 
This procedure is feasible because all the 
parameters given in the published data are 
guaranteed at the minimum supply voltage 
(Vg = 5.5V). Making the calculation at min- 
imum supply voltage is also valid because 
making it at maximum supply voltage 
would result in subsequent selection of too 
high a value for the supply dropping resis- 
tor and consequent unnecessary power 
dissipation. 
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Figure 9. Hysteresis of the Comparator as a Function of Rp. The Comparator is 


Shown in (a) and the Transfer Characteristic in (b). 
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Figure 10. Comparator Hysteresis as a Function of the Value of Peripheral 
Resistor Rp. 
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Assuming a +5% tolerance for gate resistor 
Re, the worst-case peak output current 
from pin 2 is: 

_ V2 max at V8 min 4.7 4.947 


hee 


0.95RG 0.95Re RG 


Assuming a +5% tolerance for Rs and a 

+10% tolerance for the supply voltage, the 

maximum pulse width is: 

tp max at le = 1 mA : 1.05Rs 
108 0.9V 


_ 0.265 x 10°6 x 1.167Rs 
7 V 


0.309Rs x 10°6 
V 


tp max = 


The maximum trigger pulse duty cycle is: 


tp max 


half 50Hz period 


Omax = 


The worst-case maximum average current 
output from pin 2 is: 


l2(av) max = 12 max X dmax 


4.947 7 0.309Rs x 104 
Ra V 
_-1,53Rs x 10-4 
RaV 


The value of l2(av) max is plotted as a func- 
tion of the vaiue of Ra, with the value of Rs 
as a parameter, for four 50Hz supply vol- 
tages in Figs 11 to 14. 


MINIMUM REQUIRED SUPPLY 
CURRENT (I7) AS A FUNCTION 
OF OUTPUT CURRENT (I>) 
WITH HYSTERESIS SETTING AS 
A PARAMETER 


The minimum supply current required at 
pin 7 of the TDA1024 is the sum of the fol- 
lowing currents: 


e the maximum average output current; 


e the current drawn by the TDA1024 
internal circuits; 


e the current drawn by the input circuit 
components connected to pin 8 of the 
TDA1024. 


The maximum average output current was 
defined in the previous section. 


The current drawn by the internal circuits 
of the TDA1024 depends on the hysteresis 
control current drawn from pin 3. At I3 = 0, 
lic = 1.8mA (minimum hysteresis), and at 
V3 = 0, lic = 3mA (maximum hysteresis). 
Calculations and measurements have 
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Figure 11. Maximum Average Trigger 
Current as a Function of the Value of 


Rg with the Value of Rs as a 
Parameter. 
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Figure 12. Maximum Average Trigger 
Current as a Function of the Value of 
Rg with the Value of Rs as a 
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Figure 13. Maximum Average Trigger 
Current as a Function of the Value of 


Rg with the Value of Rg as a 
Parameter. 
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Figure 15. Minimum Required Supply 
Current as a Function of Maximum 
Average Trigger Current, with 
Hysteresis Setting as a Parameter. 
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shown that, with the hysteresis set to max- 
imum, and input conditions such that V5 > 
V4 (maximum total current consumption), 
lic = 3mA. 


With minimum hysteresis, the minimum 
required supply current is: 


17 min = l2(av) max + 0.0018 + Ibridge. 


With maximum hysteresis, the minimum 
required supply current is: 


17 min = l2(av) max + 0.003 + Ibridge. 


The minimum required supply current is 
shown as a function of the maximum aver- 
age output current, with the hysteresis 
setting as a parameter in Fig. 15. The oes 
bridge current is assumed to be 1mA in eres 

this graph. 


VALUE OF THE MAINS 
DROPPING RESISTOR AS A 
FUNCTION OF THE MINIMUM Figure 16. Mains Supply Circuit and Voltage Waveform. 
REQUIRED SUPPLY CURRENT 
WITH THE SUPPLY VOLTAGE 
AS A PARAMETER 


The value of the mains dropping resistor 
(Rq) must be such that the average supply 1272634 
current to pin 7 of the TDA1024 is at least BeGpeguGem 
equal to the minimum required value Sasa 
defined in the previous section. Figure 16 
shows the diagram of the supply circuit 
and gives the mains voltage waveform. 


During the positive excursion of the mains 
voltage, the current supplied to the 
TDA1024 and the electrolytic capacitor via 
Rq is given by: 


die 1 i (sina) aa 
Ha) QT . Ra 


Assuming 10% mains voltage variation, 
10% tolerance for Rg, and a maximum of 
8.2V at pin 7, the worst-case condition 
(minimum current, maximum resistance) is 
given by: 


1 *®ro9xsina) —82 
7 min= — J SS a le 
or 
al 
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in which a1 = 7 — a2 = arcsin 8.2/0.9V = HSeeeoe - 
arcsin 9.1/V. TTT TT 4 : 


WwW 


This expression has been computed, and 
the results plotted graphically, for four 
values of r.m.s. mains voltage in Fig. 17. 


Figure 17. Value of Rg as a Function of l7 with Supply Voltage (r.m.s.) as a 
Parameter. The Value of the Smoothing Capacitor as a Function of I7 is also 
Shown. 
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Figure 18. The Power Dissipated by Mains Dropping Resistor Rg as a Function 
of its Value with the Supply Voltage as a Parameter. 


MINIMUM PERMISSIBLE VALUE 
FOR Rq AS A FUNCTION OF 
THE MAXIMUM PERMISSIBLE 
CURRENT TO PIN 7 


The maximum current allowed at pin 7 of 
the TDA1024 is 80mA. This places the fol- 
lowing restriction on the minimum value of 
Rd: 


0.9Rd min = 


or, Rg min = 15.28. This lower limit for the 
value of mains dropping resistor has also 
been plotted in Fig. 17. 
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POWER DISSIPATED BY MAINS 
DROPPING RESISTOR Rq ASA 
FUNCTION OF ITS VALUE WITH 
THE SUPPLY VOLTAGE AS A 
PARAMETER 

The following two methods can be used to 


reduce the supply voltage to the level 
required at pin 7 of the TDA1024: 


e by connecting a series combination of 

- a diode and a resistor between the 
supply voitage. and pin 7 of the 
TDA1024. The diode half-wave rectifies 
the voltage applied to the resistor and 
thereby minimizes its dissipation. 
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e by connecting a resistor between the 
supply voltage and pin 7 of the 
TDA1024. 


The general expression for the power dis- 
sipated by resistor Rq in Fig. 18 is: 


P = Virms)2/Ra 


in which, 
ae Y si 2 
Vrms)" = 5 | (V sin a —V7)¢ da+ 
at 
1 2 
A 
On | (V sin a)¢ da 
Tv 
(see Fig. 16). 


Assuming a supply voltage variation of 
+10%, a resistor tolerance of +10%, and a 
minimum of 6.1V at pin 7 of the TDA1024, 
the worst-case dissipation by the resistor, 
if it is connected in series with a diode, is 
given by: 


, 2 | 
Pmax = [J a1 Vsina—6.1?2da | 


1 
0.9Ra 


Assuming the same conditions, the worst- 
case dissipation by the resistor, if it is used 
without a diode, is given by: 


4 * 
Pmax = [= (1.1 V sina —6.1)2 da 
or 


1 


1 
ee V sin a)? da | 
Qr 0.9Rad 
Tv 
These last two expressions have been 
computed for four values of supply voltage 
and have been plotted in Fig. 18. 


USING A CAPACITOR FOR 
MAINS VOLTAGE REDUCTION 


It is possible to replace the half-wave recti- 
fication diode and the supply dropping 
resistor with a capacitor (Fig.19), and there- 
by limit the power dissipated by the mains 
voltage reduction components yet further. 
However, for mains voltages below 220V, 
the power dissipated by the dropping res- 
istor is comparatively small and the use of 
a capacitor is not considered to be neces- 
sary. For mains voltages above 240V, the 
additional cost of the required high-voltage 
capacitor is not justified. For these rea- 
sons, it is recommended that capacitive 
voltage reduction is only used with a 
mains input of 220V r.m.s. or 240V r.m.s. 
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Figure 19. Using a Capacitor for Mains Voltage Dropping. The Circuit is Shown 
in (a) and the Power Dissipated by the Dropping Resistor and the Capacitor 
Value as Functions of the Current into Pin 7, with the Mains Supply Voltage as 


a Parameter, is Shown in (b). 


When selecting a capacitor for mains vol- 
tage reduction, the following points must 
be considered: 


e the specified maximum a.c. voltage for 
the capacitor must be compatible with 
the mains supply voltage. 


e inrush current must be limited to less 
than 2A by a resistor connected in ser- 
ies with the capacitor. 


e mains-borne transients must be sup- 
pressed to limit the maximum current 
applied to pin 7 of the TDA1024 to less 
than 2A. 


e the value of the capacitor must be cal- 
culated as a function of the required 
average current at pin 7 of the 
TDA1024, using the mains voltage as a 
parameter. The maximum permissible 
value of the capacitor must also be cal- 
culated to ensure that the maximum 
permissible current at pin 7 of the 
TDA1024 is not exceeded under worst- 
case conditions. 


e the power dissipated by the series resis- 
tor must be calculated as a function of 
the required average current at pin 7 of 
the TDA1024, using the mains voltage 
as a parameter. 


Suppression of Mains-Borne 
Transients . 

A zinc-oxide voltage-dependent resistor 
must be connected across the mains input 
to limit mains-borne transients to: 


Vtrans = I7sm x 0.9Rsad 


where I7sm is the maximum permitted non- 
repetitive peak current at pin 7 (2 A). 


For Rsgq = 3900, this yields a maximum 
transient voltage of about 700V. For 220V 
operation, a typical VDR type 2322 594 
13512 will limit the supply voltage to the 
required level during current transients of 
up to about 200A. For 240V operation, a 
typical VDR type 2322 594 13912 will limit 
the supply voltage to the required level 
during current transients of up to about 
80A. 


Limitation of Inrush Current 
Resistor Rsq must also limit the peak value 
of the inrush current to less than 2A under 
worst-case normal operating conditions. 
With a 240V r.m.s supply, the value of 
390) will limit the worst-case peak value 
of the inrush current to: 


240 x 1.1 


0.9 x 390 ) = OSM 


J2x ( 


Value of the Capacitor as a 
Function of the Required Average 
Current at Pin 7 of the TDA1024 


The average current supplied to pin 7 of 
the TDA1024 via capacitor Cg can be 
approximated by: 
1 V—V7 

V/|Rsa2 + (1/a2 Cg2)| 
Assuming tolerances of +10% for the 
capacitor and the resistor, and variations 
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lav) = 


of +10% for the mains voltage, the worst- 

case average current can be approximated 

by: 

. 0.97 — V7 max 
\/|(1.1Rsal2 + (1/0.9wCg)2 | 


1 
av) = 

1 
This relationship has been plotted for 
supply voltages of 220V and 240V in 
Fig. 19. 


Maximum Permissible Value for 
the Capacitor 

The maximum permissible value for the 
Capacitor must be such that the maximum 
current into pin 7 of the TDA1024 does not 
exceed 80mA. Therefore, assuming +10% 
tolerance for the components and for the 
mains voltage: 


11V 


Se SOG: 
J |(0.9 Rsa)2 + (1/1.1wCq)2 | 


Solving the expression for Cq gives: 


; 
eS es 
1.10 /|(1.1 V/0.08)2 — (0.9 Rsal2| 


Cd max = 
For Virms) = 220V, 50Hz, this yields 
Cd max = 679nF (most suitable preferred 
value = 680nF). For Virms) = 240V, 50Hz, 
the equation yields Cq max = 622nF (most 
suitable preferred value = 560nF). 


Power Dissipated by the Series 
Resistor 
The power dissipated by the 3901 series 


resistor Rgg can be approximated by: 
A 


1 
P=| 2R -| 
me ST LD) Rage ia ae) 
Assuming tolerances of +10% for the 
capacitor and the resistor, and variations 
of +10% for the mains voltage, the worst- 
case dissipation can be approximated by: 


+4 Re (1.102 


The power dissipated by the resistor has 
been plotted as a function of I7, with the 
mains voltage as a parameter, in Fig. 19. 


TEMPERATURE SENSING 
BRIDGES FOR THERMOSTATIC 
SWITCHES 


This section will show how to calculate 
nominal values for the components of a 
resistance bridge that incorporates an 
NTC thermistor as a temperature sensing 
element. The worst-case deviations of the 
indicated temperature due to component 
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TOA1023 : 


Figure 20. Typical Temperature Sensing Bridge, and the Relationship between 
Rntc, Vs and Temperature. 


tolerances will also be calculated and 
represented graphically. 


ACHIEVING A LINEAR 
TEMPERATURE SCALE 


Figure 20 shows a temperature sensing 
bridge together with a graphical plot of the 
voltage at pin 5 of the TDA1024, and the 
resistance of the thermistor, as functions 
of the temperature of the thermistor. For 
the most linear relationship between the 
measured temperature and the voltage at 
pin 5, the following condition must apply: 


TA— TB=TB— Tc. 


Therefore, 
Ra Re Re Rc 
Ri+RaA Ri+Re Ri+Re Ri+Rc’ 


where Ra, Re and Rc are the resistances of 
the thermistor at temperatures Ta, Ta and 
Tc respectively. 


Solving for Ri gives: 


a,= RelRatRe)—2RaRe 

! Ra+Rco—2RB. 
Since the output voltage from the bridge is 
-always less than the supply voltage. and 
greater than zero, the full rotation of the 
adjustment. potentiometer cannot be used 
because it is connected directly across the 
supply voltage. However, an advantage of 
this configuration is that the spreads of 
potentiometer values do not influence the 
accuracy of the bridge. 
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TEMPERATURE INDICATION 
ERROR DUE TO COMPONENT 
TOLERANCES | 


The component tolerances which affect 
the temperature indication are: 


e the value of Ri (45%); 


e the resistance of the NTC thermistor at 
25°C (+10%); 


e the B (8) value of the NTC thermistor 
(+5%). 


The nominal resistance of the NTC ther- 
mistor at any given temperature is 
expressed by the well-known formula: 


Rntc = AeB’T, . (2) 
where 
= gee (3) 
@B/298 


and T is the temperature in degrees kelvin 
(°C + 279). 


Substituting Eq. (3) for A in Eq. (2) gives: 


298 — *) 
298T 


Taking the tolerances of Res and B into 


Rntc = R2s exp B | ( (4) 


account for T > 25°C gives: 


298 — 
298T 


RNTC max = 1.1R25 exp 0.958( 


298 — 


RntTc min = 0.9R25 exp 1.058 ( D98T 
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The equivalent equations for T < 25°C are: 


298 


—T 
= ——— } , (7) 
RNTC max = 1.1R25 exp 1.058 ( 308T ) 


298 — T ) 
in = : em |, (8) 
RNTC min = 0.9R25 exp 0.95B ( 30BT 8 


The nominal voltage level at pin 5 of the 
TDA1024 (as a percentage of the voltage at 
pin 8), and therefore the percentage of the 
full travel of the adjustment potentiometer 
(270°), is given by: 


V5 x 100 eon Rntc x 100 
Vs Ri + Rntc 
298 — T 
R25 exp B ( ) | 
= peavitee euler tats x.100. (9) 
~ 298 — 


Ri+ [Res exp B (a 
Taking the minimum value of Ri into 
account and substituting Eq. (5) for Rntc 
in Eq. (9) gives the worst-case upper limit 
at T > 25°C: 


) | 


Vs x 100 ne 
Ve 
298 — T ) 
- 1.1R25 exp 0.95B ( 08T 
298 — 
0.95R1 + [: .1Ras exp 0.958 ( 298T 


x. 100. 
*) | (10) 
Taking the maximum value of Ri into 
account and substituting Eq. (6) for Rntc 


in Eq. (9) gives the worst-case lower limit at 
T > 26°C: 


V5 x 100 


min 
Vg 


298 — T 
0.9R25 exp 1.05B ( 


298T 


298 — T 
(11) 
1.05R1 +[0.9R2s exp 1.058( DO8T )] 


A TEMPERATURE SENSING 


x 100. 


) , (5) 


*).6 


BRIDGE FOR A WATER HEATER 

For this application, the bridge must be 
capable of sensing temperatures within the 
range 60°C to 90°C. It uses an NTC ther- 
mistor type 2322 640 12473 (Ra5 = 47kN + 
10%, B = 3825 +5%). The housing of an 
NTC thermistor type 2322 640 90007 can 
be used to mount the thermistor in a wash- 
ing machine or a water heater; the 


Signetics Linear Products 


‘Application Note 


Design of Static Switching Circuits Using TDA1024 


AN129 


Table 1. Analysis of the Bridge Circuit 


rol me 
(°C) 


Nominal (1) 
Worst-case max. (3) 
Worst-case min. (2) 


Nominal (1) 
Worst-case max. (3) 
Worst-case min. (2) 


Nominal (1) 
Worst-case max. (3) 
Worst-case min. (2) 


Reading on 
Nom. Scale 
60 0 


Reading on 
Shifted Scale 


Potentiometer shaft rotation angle for temperature range 60°C to 90°C = 
270 (70.5 — 48.1) 
100 


= 60.48°. 


thermistor which is normally contained in 
the housing is not suitable for this applica- 
tion because its low resistance at the 
desired temperatures (60°C to 90°C) 
would cause the TDA1024 to draw addi- 
tional current. 


The three most important temperatures for 
the application are Ta = 60°C, Tp = 75°C 
and Tc = 90°C. From Eq. (4), the nominal 
resistance of the thermistor (RNTC nom) at 
each of these temperatures is: 


Ra = 12 19502 at Ta = 60°C; 
Rep = 74330 at Tae = 75°C; 
Rc = 47200 at Tc = 90°C. 


Substituting these values in Eq. (1) yields 
R1 = 5177. The value selected for Ri is 
therefore 5100] +5%. The worst-case cur- 
rent consumption for the bridge is: 


V8 min V8 min 

RNTC min at Tc + Ri min Rp min 
5.5 5.5 

~ 3788 + 4845 i760 | 99 MA. 


Equations (9), (10) and (11) have been 
computed for this bridge and have been 
plotted in Fig. 21 and analyzed in Table 1. 
The analysis shows that the worst-case 
maximum error is +9.5°C at 90°C. The 
worst-case minimum error is -9°C at 
90°C. By rotating the scale around the 
shaft of the potentiometer until the read- 
ings are correct at 90°C in both cases, 
these errors are reduced to +2.3°C at 
60°C and -3.7°C at 60°C. 


For many thermostat applications, it is 
unwise to allow too high a temperature to 
be selected. For this reason, the potentio- 
meter shaft should be prevented from 
rotating beyond the upper temperature 
limit by a stop affixed to the scale. This is 
also the reason for correcting the angular 
position of the scale at 90°C although the 
accuracy of the temperature adjustment 
would be improved if the correction were 
made at 75°C. 


Figure 22 shows the same plots as Fig. 21 
but, in this case, plot 2 has been moved 
upwards by the worst-case minimum error 
at 90°C. Plot 3 has been moved down- 
wards by the worst-case maximum error at 
90°C. Figure 22 therefore shows the accur- 
acy of these thermostats if the angular 
position of every dial is correct at 90°C. 


sensed temperature (°C) 


Figure 21. Nominal and Worst-Case Calculations of Vs as a Percentage of Vg Plotted as a Function of Temperature. Plot 1 is 
the Nominal Calculation; Plots 2 and 3 are the Minimum and Maximum Worst-Case Calculations Respectively. 
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Figure 31. Interfacing the TDA1024 with a Shunt Photocoupler. When Input A 
_ is Logic 1, the Triac is On; when A is 0, the Triac is Off. 


From Eq. (12): 
5.5 +0.4 
V4= oo = 2.95V. 
es 2 
From Eq. (13): 
8 (6.5 — 2.95) j 
Fics: CIES ee cea S00. 


6.5 
The nearest preferred value is 39k. 


The nominal value for Re can be approxi- 
mated by: 


Re = (70 x 108) — (39 x 103) = 31 0002. 


The nearest preferred value is 30k. 


September 1985 


The worst-case current drawn by the 
bridge at Ve = 5.5V is: | 


V8 min 
0.95 (Ri + Ro) 


= 83.9 + 578.9 + 5 = 667.8yA. 


The circuit diagram of the TDA1024 inter- 
faced with a photocoupler type CNY42 
connected in parallel with the output from 
a logic element is given in Fig. 31. The 
component values are the same as those 
calculated for the previous circuit but the 
switching function is reversed. 


+ Io max + 15 max 


Previously published as Technical Information 
010, ELCOMA, April 1976. 
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7271363 


80 85 90 


95 100 


sensed temperature (°C) 


Figure 22. Nominal and Worst-Case Calculations of Dial Reading as a Function of Temperature, with the Angular Position 
of the Dial Corrected at 90° C. Plot 1 is the Nominal Calculation; Plots 2’ and 3’ are the Minimum and Maximum Worst-Case 


Calculations Respectively. 


APPLICATION EXAMPLES 


A COMPLETE DESIGN FOR A 
1200 W WATER HEATER 
THERMOSTAT 


For this application, three possible circuit 
configurations will be considered, namely: 


® acircuit using the minimum number of 
peripheral components, i.e. a diode is 
not connected in series with mains 
dropping resistor Rg, and a gate resis- 
tor is not used. 

e a circuit in which the power dissipated 
by the mains dropping resistor Rq is 
minimized by connecting a diode in 
series with Rg, and by using a gate 
resistor. 

e acircuit that uses a capacitor for mains 
dropping. 


The resistive water heating element is 
powered from a nominal 220V r.m.s. 
supply and is switched by a triac type 
BT138 (for BT138, P < 1400W; for BT139, 
P < 2000W). The essential design data are 
as follows: 


e minimum gate voltage that will trigger 
all devices, Vat = 1.6V at 0°C; 

® minimum gate current that will trigger 
all devices, Iat = 72mA at 0°C; 


e maximum latching current, IL =60mA. 


The three circuit diagrams are given in 
Figs 23, 24 and 25. The design of the 
bridge, which is common to all three cir- 
cuits and is suitable for room temperature 
control, was discussed in the previous sec- 
tion. The bridge can be modified (e.g. 
operated via a photocoupler) as long as 
the current drawn from pin 8 of the 
TDA1024 does not exceed 1mA. If long 
leads are used between the temperature 
sensing bridge and the remainder of the 
circuit, it may be necessary to increase the 
noise immunity by connecting a 100nF 


capacitor in parallel with the bridge output 
(between pins 4 and 5 of the TDA1024). 


In all three circuits, pin 3 of the TDA1024 
is not connected; this causes minimum 
switching hysteresis (~0.3°C). The reliabil- 
ity of the circuits is improved if a zinc- 
oxide VDR is used to protect the triac 
against mains-borne transients. The circuit 
with capacitor mains reduction (Fig. 25) 
must incorporate a ZnO VDR in parallel 
with the mains supply to prevent high cur- 
rents at pin 7 of the TDA1024 during mains 
transients. 


Table 2. Component Values and Circuit Parameters for a 1200 W Water Heater Thermostat 


[crew Pwgrem _{}_Fig28_|_Fg.2_ {rig 28 1 vot 


Trigger pulse width tp (Fig. 4) 
Synchronization resistor Re (Fig. 6) 
Gate resistor Re (Fig. 7) 

Average gate current l2(av) (Fig. 12) 


Minimum required supply 
current I7 (Fig. 15) 


Mains dropping resistor Rg (Fig. 17) 


Smoothing capacitor Cg, (Fig. 17) 


Power dissipated by Rg (Fig. 18) 
Mains dropping capacitor Cg (Fig. 19) 
Power dissipated by Rgq (Fig. 19) 
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The component values and operating derived from the formulae and graphs 


characteristics for the three circuits are given earlier in this publication. 
listed in Table 2. They have all been 


resistive 
load 
1200W 


TDAIN24 
3 2 


*) spike suppressor (VDR): 350V/1mA (2322 594 13512) 
**) Rog = 22kN 


Figure 23. A 1200W Water Heater Thermostat Covering the Temperature 
Range 60°C to 90°C and Using the Minimum Number of Peripheral Components. 


TDAIN024 
3 2 


*) spike suppressor (VOR): 350V/1mA (2322 594 13512) 
Lelell Roo = 22 Kk 


Figure 24. A 1200W Water Heater Thermostat Covering the Temperature 


Range 60°C to 90°C and Designed to Minimize the Power Dissipated by the 


Mains Dropping Resistor Rg. 


*) spike suppressor (VOR): 350V/1mA (2322 594 13512) 
*) Ros = 22k 


Figure 25. A 1200W Water Heater Thermostat Covering the Temperature 
Range 60°C to 90°C and Designed to Minimize the Dissipation in the Mains 
Voltage Reduction Circuit by Using Capacitor Cg. 
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SWITCHING HIGHER POWERED 
RESISTIVE LOADS 


The thermal characteristics of triacs type 
BT138 and BT139 limit their use to the 
switching of resistive loads operating at 
powers up to 1400 W and 2000 W respect- 
ively. For switching higher powered loads, 
the TDA1024 can be used to drive a high 
current triac type BTW41. 


The BTW41 is a glass-passivated 40A triac 
encapsulated in plastic. The essential 
design data for this component are: 


@ minimum gate voltage that will trigger 
all devices, Vat = 2.1V at 0°C; 


¢ minimum gate current that will trigger 
all devices, lat = 95mA at 0°C; 


e maximum latching current, IL = 60mA. 


Note: A gate resistor will not reduce the 
overall current consumption in this case. 


Although this triac is rated at 40A, its max- 
imum power handling capability is limited 
by thermal considerations to about 5000W. 
A load that consumed more power than 
this would render forced cooling neces- 
sary and thereby make it unsuitable for 
application to domestic appliances. 


THE TDA1024 AS A LIGHT- 
CONTROLLED SWITCH FOR A 
LAMP 


The circuit given in Fig. 26 is similar to the 
previously described thermostat circuits 
except for the input bridge which incorpor- 
ates a light-dependent resistor (LDR) 
instead of an NTC thermistor. In this 
application, the reference voltage at pin 4 
of the TDA1024 is fixed at about 35% of 
the voltage at pin 8. The sensitivity of the 
switch is determined by the setting of the 
potentiometer connected in series with the 
LDR. The characteristics of the LDR are 
not critical for this application; types in the 
series 2322 600 93... or 2322 600 96... are 
all suitable. 


INTERFACING THE TDA1024 
WITH LOGIC ELEMENTS 

The application range of the TDA1024 can 
be extended by driving it from the output 
of logic elements. This section describes 
the simple interface circuits that are 
required between the input of the 
TDA1024 (pin 5) and: 


e 74S00 series TTL outputs; 


e FZ/30 series HNIL interfacing gate type 
FZH161/4.L131; 


e LOCMOS logic outputs; 
e photocoupler type CNY42. 
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Figure 26. The TDA1024 as a Light-Controlled Switch for a Lamp. 


interfacing the TDA1024 with 


74S00 Series TTL Outputs 

The circuit diagram of the TDA1024 inter- 
faced with a 74S00 series TTL gate with 
totem-pole output (e.g. SN74S00) is given 
in Fig. 27. The maximum output voltage 
specified for this logic series is 7V, and the 
specified logic levels are VOH min = 2.7V, 
VOL max = 0.5V. The series is therefore 
compatible with the TDA1024 and a direct 
interface can be made. 


In the interests of minimum power con- 
sumption, the current drawn by the 
reference arms of the bridge (R1 and Ra) 
should be restricted to about 100uA, a 
suitable value for the sum of the values of 
these two resistors is therefore about 
70kQ.. For maximum noise immunity, the 
reference voltage at pin 4 of the TDA1024 
should be at the middle of the logic level 
range, i.e., 
VOH min + VOL max 


Vee xo eb me (12) 
: D 


Inserting values in Eq. (12) gives: 


2.7+05 
2 


The nominal value for Ri can be approxi- 
mated by: 


V4 = = 1.6V. 


70 x 103 (Vg — V4) 
R= SA 13) 
Va 


Inserting values in Eq. (13) gives: 


70 x 103 (6.5 — 1.6) 
6.5 
The nearest preferred value is 51k. 


R1i= 


The nominal value for Re can be approxi- 
mated by: 


R2 = (70 x 108) — (51 x 103) = 19 000N 
The nearest preferred value is 18k. 


The worst-case current drawn by the 
bridge at Vg = 5.5V is: 


V8 min 


= 83. QA. 
0.95(R1 + Ro) el 


Figure 27. Interfacing the TDA1024 with TTL. When Input A is Logic 1, the 
Triac is Off; when A is 0, the Triac is On. 
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= $2 7690. 


Interfacing the TDA1024 with 
FZ/30 Series HNIL Interface Gate 


Type FZH161/4.L131 

The circuit diagram of the TDA1024 inter- 
faced with the FZH161/4.LI31 is given in 
Fig. 28. The output stage of the gate has 
an open collector. It can therefore be inter- 
faced with the TDA1024 by connecting a 
collector load resistor (R3) between the 
output of the gate and Vs. 


When selecting a value for Rg, it is impor- 
tant to ensure the value is low enough to 
prevent the maximum current drawn by 
the gate in the HIGH state (IQH max = 
80uA) from reducing the voltage at pin 5 of 
the TDA1024 to below Vg — 0.5V. The 
maximum value for R3 is therefore: 


es 0.5 7 0.5 
eer lQH max 80 x 10-6 


II 


6250”. 


The nearest preferred value is 6.8k2. 


The maximum specified output level from 
the FZH161/4.L131 in the LOW state is 
VQL max = 0.4V. The minimum output level 
when the gate is in the HIGH state will be 
approximately 5V. 


From Eq. (12): 
+ 0.4 
V4= ee = 2.7V. 
2 
From Eq. (13): 
103 (6.5 — 2.7) 
ae See Sao 


6.5 
The nearest preferred value is 39k. 


The nominal value for R2 can be approxi-~ 
mated by: 


R2 = (70 x 108) — (39 x 103) = 31 0000. 
The nearest preferred value is 33k. 


The worst-case current drawn by the 
bridge at Vg = 5.5V is: 


V8 min 
0.95(R1 + Re) 


= 80.4 + 789 = 869A. 


Vg min — VQL max 
0.95R3 


Interfacing the TDA1024 with 
LOCMOS Logic Outputs 

The circuit diagram of the TDA1024 inter- 
faced with a LOCMOS inverting/non-invert- 
ing buffer type HEF4049 or HEF4050 is 
given in Fig. 29. The specified logic levels 
are VOH min = 5V, VOL max = 0.5V. The min- 
imum available current in the HIGH state is 
IOH min = 700uA. 


A direct interface with the TDA1024 can 
therefore be made. 
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F2H161/4.L134 
TDA1024 


Figure 28. Interfacing the TDA1024 with FZ/30-Series. When Input A is Logic 1, 


the Triac is Off; when A is 0, the Triac is On. 


HEF 4049 
or 
HEF4050 


Re 


7274693 


Figure 29. Interfacing the TDA1024 with LOCMOS. When the HEF4049 is used, 


a Logic 1 at A Means the Triac is Off; a 0 at A Means that the Triac is On: the 
Opposite is True when the HEF4050 is Used. 


Figure 30. Interfacing the TDA1024 with a Series Photocoupler. When Input A 
is Logic 1, the Triac is Off; when A is 0, the Triac is On. 
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From Eq. (12): 
+ Q. 
V4= zane = 2.75V. 
2 
From Eq. (13): 
70 x 103 (6.5 — 2. 
fe 2s = 2.19) _ 40 3840. 


The nearest preferred value is 39k0. 


The nominal value for R2 can be approxi- 
mated by: 


Re = (70 x 108) — (39 x 103) = 31 00002. 
The nearest preferred value is 30k0. 


The worst-case current drawn by the 
bridge at Vs = 5.5V is: 


V8 min 
0.95 (Ri + Ro) 


= 83.9+ 45+ 5 =133.9ynA 


+ IDD max + I5 max 


Interfacing the TDA1024 with 


Photocoupler CNY42 

The circuit diagram of the TDA1024 inter- 
faced with a CNY42 connected in series 
with the output from a logic element is 
given in Fig. 30. This is a useful circuit. 
when safety regulations dictate that the 
logic circuitry must be mains isolated. 


To obtain a diode current of about 10mA, 
the value of Ra must be: 


S—Vt  5—12 
10-2 10-2 


The nearest preferred value is 3300. 


R4 = 


= 3802. 


To ensure saturation of the transistor with 
a diode current of 10mA, the collector cur- 
rent of the transistor must be limited to 
4mA. The minimum value for R3 is 
therefore: 
V8 max 75 

R3 min = oo ss =: 1875200. 

smn "4x103 4x 10°3 
To minimize the current consumption from 
pin 8 of the TDA1024, a value of 10k. has 
been chosen for R3. 


This results in a maximum collector cur- 
rent (Vg = 5.5V) of: 


Ve 55 
ini eee Se es 7 Ga: 
Cmax 0.95R3 9500 M 


The minimum HIGH state level at pin 5 of 
the TDA1024 is: 


VOH min ~ V8 min = 5.5V. 


The maximum LOW state voltage level at 
pin 5 of the TDA1024 is: 


VOL max = VCE sat = 0.4V. 
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INTRODUCTION 

Trends of decreasing the supply voltage 
in portable apparatus sets was one of 
the reasons to develop the TDA1559. 
Another very important reason was to 
decrease the total current consumption. 


The absolute value of the multiplication 
coefficient, called K-factor, determines 
the current consumption for a large por- 
tion. A higher K-factor results in a lower 
current consumption. 


The TDA1559 has a K-factor of twenty- 
one. 


Application in apparatus sets with a low 
supply voltage is only possible if the 
internal voltage loss, called drop-out 
voltage, is sufficiently low. The TDA1559 
can be used in a voltage range of 2.1 up 
to and including 15V. 


MOTOR REGULATORS 


General 

The function of the regulator is to supply 
the terminals of the applied DC-motor 
with a voltage capable of maintaining 
revolutions constant against supply volt- 
age, applied torque and ambient temper- 
ature variations. 


The discussed integrated regulator is a 
so called e.m.f. (ElectroMotive Force) 
regulator. 


For calculations a DC-motor can be 
replaced by a voltage source £; in series 
with a resistor Rm. The voltage source is 
the induced back e.m.f. of the DC-motor 
and defined as: 


E; = N.0.C (1) 
where 


N = number of revolutions per minute 
0 = magnetic flux in Weber 
C =constant 


The resistor Ry, is the internal resistance 
of the DC-motor. 


As soon as the motor is connected to a 
voltage source, a current I, will be 
absorbed by the motor. The current is 
linear proportional to the applied torque 
T. The current can be expressed as: 


Im = Tee (2) 


where: T = applied torque in Newton- 
meters. 


2r (1 - 
—x-—is called the specific motor 


60 C.0 current (I specific). 


An e.m.f. regulator is based on the 
expression 


Vin = Ej + Im* Rm 
where 


Vm = voltage across the DC-motor 

E; = back electromotive force 

lm = current absorbed by the motor 
Rm = internal resistance of the motor 


Constant revolutions can be obtained by 
compensating the variations of voltage 
losses Im ° Rp. 


The solution is a voltage source with a 
negative output resistance equal to Rm. 


Explanation: 


REGULATOR 


Figure 1 


Vs — Ej = Im (Rs + Rm) (3) 
The influence of I, is zero if: 
Rs =-Rm 


Thus to any increase in current (caused 
by an increased torque) will correspond 
a proportional increasing of output volt- 
age. In practice, however, Rg may never 
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be equal to —R,p. This is because of low 
frequence oscillation. 


Consequently the regulator will always 
show slight torque dependence. 


Three Pins Regulator 
The TDA1559 is a so-called three pins 
regulator like TDA1059 B/C. 


Figure 2 shows a block-diagram of the 
integrated regulator. 


Figure 2 


In contrast with TDA1059 B/C, the 
TDA1559 has a higher K-factor and a 
lower drop-out voltage. Also the nominal 
quiescent current is reduced. The princi- 
ple of the discussed regulator can be 
expressed in a formula, namely: 


output current 
Input current = ————_——_ 
K-factor 


The output current is given by the sum of 
the absorbed motor current I, and a 
reference current lre¢ (See Figure 3). The 
absolute value of the reference current 
depends on the speed of the motor. 


This current should be, once adjusted, 
independent of supply voltage, tempera- 
ture and torque variations. The refer- 
ence current is being made by means of 
a voltage stabilizer, which is integrated in 
the TDA1559, and an externally adjust- 
able resistor. The K-factor is fixed inter- 
nally in the I.C. 


CALCULATIONS 

Figure 3 gives an application diagram of 
the TDA1559. All currents and voltages 
necessary for calculations are indicated 
too. 


September 1985 


Signetics Linear Products 


_ Application Note 


TDA1559 Motor Speed Regulator With Thermal Shut-Down 


AN130 


Figure 3 


The regulator parameters are: 
- Vret (V2-—3) internal reference voltage. 
- K-factor. 
- Ip quiescent current 


In such a network the voltage across the 
motor can be calculated as follows: 


Im + lrg 
Vin = lret *Re + Ri (lo + leet + are (4) 


lref iS given by: 
let =< (5) 


(4) and (5) gives: 
(6) 


Veo Riei ei ve de ie) 
m 1 'o m K ref Ro K 


The voltage across the motor is also given by: 
Vin = Ej +Im°Rm (7) 
So: 
Ry 
E; + Im°Rm = Ry *lo Tl 


+ Veet (1 Pea (1 + ‘ 
ref Ro K 


or: 
| (8) 
Ej = Ryelot+lm 7 Am) 


+ Vrot (1 Al (1 + ‘) 
ref Ro K 


Formula (8) is very important and will be used 
for all other calculations. In equation (8) the 
resistance R, is represented by the term Ry/ 
K 


The Value of R, 

R, is very important since together with the K- 
factor it determines the quality of the regula- 
tor. | already noted that the motor current is 
linear to the applied torque. So the torque 
influence on the speed can be decreased by 
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R 
making the AR (AR = - Rm) as low as 
possible. Remember AR zero is not allowed. 


Thus in practice from Rm, Ry and K-factor we 
have to know: 

- the absolute value 

- the spread . 

- the temperature dependency 

- the supply voltage dependency and 

- the current dependency 


So: R, should be 
Ri (max) < Krin x Rin) 
R2 Calculation 
The speed of the applied DC motor can be 


adjusted by means of Ro. A simplification of 
formula (8) to Re gives: 


, (9) 

R= 
Ry 

E;- Ry *lo- Im Co Rm) — Veet 


The spread, however, of each parameter will 
lead us to two values, namely: 

- Re (max) and 

- Re (min) 

me Vref(max) *Ry (max) ° 

Raimax) so E : i 
Ei(min) ~ R4(max) lo(max) — Im(max) 

(1+ ) 

K (min) 

Ri(max) 
-—_— 

Kin) 


a Rmvmin)) = Vref(max): 


: Vret(min) * Raqminy ° 
Ramin) = E. Rica elected ‘ 
i(max) — ™41(min) © 'o(min) > 'm(min) 


(1+ ) 
K(max) 


Rami 
oe ral Rm(max)) - Vret(min): 
Kimin) 


In practice Ro is realized by a fixed resistor 
Ro ' in series with a potentiometer Rp used as 
an adjustable resistor. The components Re! 
and Rp, are determined as follows: 


Ro ' (max)> < Ramin) 


Rovmax) 2 Raimax) = Ryx(min) 
~ R, is the chosen value for Ro!. 


TEMPERATURE COMPENSATION 


The temperature dependency of the regulator 
can be influenced by adding a diode in series 
with pin 1 (see Figure 4). The temperature 
behavior of the used mechanical parts (cas- 
sette deck) determines the necessity of ap- 
plying a diode. Which type and the necessity 
of a diode should be determined by practical 
experiments. From our side we can only give 


the influence of the diode in a formula anda — 


figure (see Figure 5) which shows the differ- 
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ence in motor speed between with and with- 
out a diode. Application diagram TDA1559 
with temperature compensation diode is giv- 
en in Figure 4. 7 

Expression of R, and Ro with 


Diode Compensation 
The current Ire through Ro is now determined 
by: . . 


Vret + U 
(see Figure 4) let = aes) 
2 


Using formula (4) gives: 
Viewed) Gas) 
m ref Ro K 


untae! a +-y)+R indica 
D Ro K 1° 'o m K 


or 
(10) 
Vim ™ (Vret + Up) ° 
iy GASPAR ie! 
Ro K 1 'o T lm K 
Using (7) and (10) gives: 
(11) 


Ry 
Ej = Ry * lo + Im Co ~ Am) 
+ (Veer + Up) Gas (+2) 
ref D Ro K 


Formula (11) shows that the application of D, 
has no influence on the calculation of R;; AR 


is still / rae Rim/. A simplification of formula 
(11) to Ro gives: 
1 
(Vret + Up) x Ry x (1 + my 
Ro FO cg 
Ry 
E;\-Ry *lo- Im a Rm) — (Vret + Up) 


For measuring of Figure 5 the following com- 
ponents are being used: 

- D; = BA220 

- Ry = 22002 + 2% 

= Ro! = 1802 +5% 
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TDA1559 APPLICATION 
9V Application 


~Accepted ambient -5 to 55°C 
temperature range 
-Accepted supply voltage 9 to 6V 


range 


Information about the used motor: 
manufacture: Philips 


type : 4322 010 71020 
Nominal speed 2000 r.p.m. 
Recommend torque to get 1 mNm 


optimal efficiency 


e.m.f. at 2000 r.p.m. 3.58V + 11.6% 


Rm (static), Rg 182 +10% 
Rm (dynamic), Rmay Ringt X 1.16 
| specific 59.25A/ 
Nm + 11.6% 
Temperature dependency: 
-o.m.f. -0.2%/°C 
—Rm +0.4%/°C 


Remark: For the calculation of Ri we 
have to use Ray: 


R, calculation: 
Requirement: Ry max < Kmin X Rm min- 


The minimum values will be found at 
Tamb = -5°C. 


At worst-case condition we found: 
Ramin ~~ 1 1 902 
Kmin =~ 18 


Practical value: 
Ry = 2202 + 2% 


Ro calculation: 


Using the formulas and the information given 
we found that Ro is about: 


86 < Ro < 2032 


Remark: ambient temp. range* 
voltage range” 


15 to 35°C 
9+1.5V 


We know that: Ro = Ro! + Rp 
Re '(max)> < Ramin) 
practical value for Ro! = 8202 +5% = R, 


Rpimax) 2 Ramax) — Rxcmin) 
practical value Rp = 2202 


Measuring Results 
N =f (Torque) 
at: Tamb = + 25°C 
Vp = 9V and 
Vp = 6V 
See Fig. 7. 
N=f (Tamp) 
at: Vp = 9V and 
Vp = 6V 
T=1 mNm+10% 
See Fig. 8 and Fig. 9. 


Remark: For measuring set-up see 
Appendix 1. 


6V Application 


~Accepted ambient -5 to 55°C 
temperature range 
~Accepted supply voltage 6 to 4.2V 


range 


Information about the used motor: 
manufacture: Philips 


type : 4322 010 71000 
Nominal speed 2000 r.p.m. 
Recommend torque to get 1 mNm 
optimal efficiency 
e.m.f. at 2000 r.p.m. 2.57V +9% 
Rm (static), Ring, 7.12 48% 
Rm (dynamic), Rmgy Ring X 1.16 
| specific 82.3A/ 

Nm +9% 
-temperature dependency: 
~e.m.f. -0.2%/°C 
—Rm +0.4%/°C 


Remark: For the calculation of R; we 
have to use Ray: 
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R, calculation: 
Requirement: Ry max < Kmin X Rm min: 
Minimum value at Tamp = -5°C. 


At worst-case condition we found: 
Rmin o~ 6.672 
Kmin = 18 


Practical value: 
R; = 12022 + 2% 


Rz calculation: 


Using the formulas and the information given 
we found that Ro is about: 


77 <Ro S 1922. 
Remark: ambient temp. range* 15 to 35°C. 
voltage range” 6 + 1.5V. 


We know that: Rp =R2'+Rp 
Re ‘(max)> < Ramin) 


Practical value for Ro! = 752 +5% =R,. 
Rpcmax) > Ro '(max)> — Rxcmin)- 


Practical value 
Rp = 2202. 


Measuring Results 
N =f (Torque) 
at: Tamb = + 25°C 
Vp = 6V and 4.2V 
See Fig. 11. 
N=f (Tamb) 
at: Vp) = 6V and 
Vp ™ 4.2V 
T=1 mNmt10% 
See Fig. 12 and Fig. 13. 


Remark: For measuring set-up see 
Appendix 1. 


CONCLUSION 

Specification and measuring results both 
show that the TDA1559 can be used in a lot 
of applications. The low drop-out voitage 
resulting in an input voltage at pin 2 as low as 
2.1V offers the possibility to use the TDA1559 
in applications with a low supply voltage. 
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J. A. HOULDSWORTH and W. B. ROSINK 


The majority of industrial drives use electric motors, 
since they are controllable and readily available. In 
practice, most of these drives are based on a.c. induction 
motors because such motors are rugged, reliable, and 
relatively inexpensive. 

To control the speed of a drive many methods have 
been developed, ranging from mechanical and hydraulic 
systems to electrical and electronic systems using, for 
example, d.c. shunt-wound motors whose speed can be 
controlled directly. However, it has been the desire of 
drive system manufacturers to vary the speed of the 
standard three-phase induction (asynchronous) motor by 
electrical means. This aim has been technically possible 
for some years, and with recent advances in power 
electronic components and integrated circuits it is now 
achievable with both cost and quality comparable to 
that of alternative systems. 

This article begins by considering the development of 
the most common currently available electronic systems 
by examining two approaches to the control of d.c. 
motors: phase (or line) control, and chopper (switched 
mode) control. Then, the characteristics of the three- 
phase induction motor are discussed, establishing the 
dependence of motor speed on frequency, and the need 
to control both frequency and voltage for a proper 
method of control. This is achieved by using a three-phase 
inverter to convert the mains frequency to a variable 
frequency and voltage supply to the motor. The main 
features of the various types of inverter currently avail- 
able are then considered. These systems have certain 
shortcomings, and in this article we describe a new 
improved system using Pulse-Width Modulation (PWM) 
techniques. We have developed a purpose-designed Large 
Scale Integrated (LSI) circuit specifically for this 
application. 
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GENERAL INTRODUCTION TO MOTOR 
SPEED CONTROL 


Traditionally, d.c. motor control using Ward-Leonard 
sets required the use of three electrical machines: a three- 
phase induction motor, a d.c. generator, and a d.c. 
motor. This can now be replaced by a double six- 
thyristor bridge employing only one electric machine, 
the d.c. motor. Changing from electromechanical control 
systems to electronic control systems generally provides 
a reduction in complexity, savings in cost, space, and 
response time, and gains in efficiency. 


Phase control of d.c. motors 


Figure 1 shows a typical d.c. motor controller using a 
bridge circuit of six thyristors fed from the three-phase 
mains supply. Motor voltage control is achieved by 
varying the phase angle at which the thyristors are fired 
relative to the incoming mains voltage supply waveform. 
This provides an output voltage ranging from zero to a 
value equal to that provided by a full-wave diode rectify- 
ing bridge. Such a circuit is typically used in the control 
of d.c. shunt motors (d.c. motors with separate field 
excitation). 

Phase controlled rectifier circuits, like that shown in 
Fig.1, are the simplest form of electronic motor control 
because the thyristors are naturally “mains-commutated”’ 
or “‘line-commutated” from the three-phase a.c. source. 
In this case, the commutation process consists of a cyclic 
transfer of current from one pair of conducting thyristors 
to the next. The three thyristors in the upper group 
(Th,, Th3, and Ths) have a common cathode terminal, 
and conduction is via the thyristor with the most positive 
anode voltage. The other two thyristors are reverse-biased 
relative to the common cathode terminal. Similarly, the 
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Fig.1 Basic 6-thyristor phase-control circuit for d.c. motor 


thyristors in the lower group (Thy, The, and Th) have 
a common anode connection, and conduction is via the 
thyristor with the most negative cathode. For a phase 
sequence R, Y, B, the thyristors conduct in pairs: Th, 
and Thy; Thy and Th3; Th3 and Thy; Thy, and Ths; Ths 
and The; they are consequently numbered in their 
correct firing sequence in Fig.1. 

All phase control systems use line commutation 
which imposes a controller bandwidth limited by the 
mains supply frequency, and for improved performance 
other systems are required. 


Chopper control of d.c. motor 


The limitations of phase control may be overcome by 
using chopper control. The principle of chopper control 
can be illustrated by considering the speed control of a 
d.c. shunt motor from a rectified a.c. supply or d.c. 
supply source. The motor average voltage is controlled 
by varying the on-to-off time ratio for which the d.c. 
supply voltage is applied to the load, and thyristor turn- 
off is now achieved by forced commutation. Forced 
commutation, as the name implies, “forces” the thyristor 
to tum-off by using an auxiliary circuit (the 
commutation circuit) consisting for example of an 
auxiliary or commutation thyristor and a series resonant 
LC circuit. 

The mechanism of varying the on-off time by 
“chopping” the input voltage into discrete pulses gives 
this type of control its name. Thus, by varying the width 
of the pulses, or the repetition frequency of the switch- 
ing period, the average value of the d.c. output voltage 
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Fig.2 Basic chopper circuit for d.c. motor 


can be varied from a very small value to almost the 
voltage of the supply source. 

An example of a basic chopper circuit is shown in 
Fig.2. The motor current is labelled I,,. Thyristor Th, is 
the main thyristor and Th, the commutation thyristor 
which is used to turn off the main thyristor Th, with 
the aid of the series-resonant LC circuit. When Th, is 
switched off, the motor current I,, can flow via the 
diode D3, the inductance L, and the diode D,. The diode 
D, is therefore known as the ‘flywheel diode’. The 
operation of the commutation circuit is described in 
detail later in this article. 


The a.c. motor 


The majority of industrial drives are powered by three- 
phase a.c. induction motors. The wide application of 
these motors is a direct consequence of their inherent 
advantages when compared with other types. These 
advantages include: 

@ High reliability with low maintenance costs. 

@ Low cost: for a given output power a d.c. motor can 
cost several times as much as its a.c. equivalent. 

@ High output power to volume and weight ratios. 

@ The speed is relatively independent of the load for a 
given supply frequency. 

@ Brushless construction: this makes it particularly 
suitable for use in hazardous environments such as 
mining and petrochemical industries. 

@ Standard versions are readily available from stock. 

The standard three-phase induction motor is essentially 

a single-speed machine when supplied from mains of 
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fixed voltage and fixed frequency. If f is the frequency 
of the mains supply and p is the number of pole-pairs in 
the stator, then the speed of rotation of the stator field 
(the synchronous speed) is given by: 


S 


N. = . X 60 rev/min. 


By changing the number of pole-pairs of the motor, the 
motor can be made to operate at a number of fixed 
speeds. For continuously variable speed control, how- 
ever, the supply frequency must be varied; the applied 
voltage must also be varied in linear proportion to the 
supply frequency to maintain constant motor flux. At 
low frequencies, where the motor inductive reactance is 
low, boosted voltage may be used to compensate for the 
stator ‘IR’ voltage drop. Thus control of both frequency 
and voltage is necessary for proper variable-speed opera- 
tion. Under normal operating conditions, the rotor 
(motor shaft) speed is a few per cent less than the 
synchronous speed. The difference between the two 
speeds is called slip. 

Figure 3 illustrates the induction motor torque-speed 
characteristics under nominal rated voltage V, and 
reduced voltage V, together with typical fan and 
industrial machine tool loads (superimposed). It can 
be shown that smooth speed control depends on the 
slope of both the motor torque curve and the speed 
torque curve. Thus constant-frequency variable-voltage 
operation is suitable only for “square law” loads such as 
fans or pumps to ensure proper starting and stable run- 
ning conditions. Systems using speed control by variable 
voltage are not suitable for use with constant-torque 
loads, and, when used with fan or pump loads, efficiency 


torque 


fan load / 
/ 
/ 


4+ 


: & 
nominal 


voltage 
machine tool 
load 


speed 
M79592/:3 
Fig.3 Induction motor torque-speed characteristics 
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is poor. To overcome these limitations it is necessary to 
provide a variable-frequency variable-voltage supply to 
the motor, and this requires the use of some type of 
inverter circuit. 


INVERTERS FOR A.C. MOTORS 


There are two basic types of inverter for use with 
variable-frequency and variable-voltage speed control 
systems for three-phase a.c. motors: the current-source 
type and the voltage-source type. 


The current-source inverter 


A block diagram of a current-source inverter is shown in 
Fig.4. It consists of either a phase-controlled rectifier 
circuit, or rectifier-chopper circuit, followed by a choke 
to provide a constant-current source for the inverter. 
The inverter thyristors are force-commutated to transfer 
the current between phases. Since the inverter is supplied 
from a current source, it is protected from transient 
current surges arising from rapid load variations. 

In theory, the current-source inverter makes possible 
an economical inverter design in which the thyristors are 


fully utilised during normal operation. However, it 
cannot be used for the control of two or more motors in 
parallel, and motors exhibit pulsating torques at low 
frequencies. Because of these restrictions, current-source 
inverters are therefore only of limited application. 


The voltage-source inverter 


Because of the limitations of the current-source inverter, 
the voltage-source inverter is the most commonly used 
type. The simplest form of this is the quasi-square-wave 
inverter, or ‘six-pulse inverter’. 


Quasi-square-wave control of a.c. motors 


In the quasi-square-wave inverter system, each of the 
three inverter outputs is switched every half-period 
between the plus and minus terminal of the fixed d.c. 
supply source as in Fig.5. This produces the output 
waveforms of Fig.6. The half-period average line output 
voltage is given by Vip_yyay = Vs X 2/3, where V, equals 
the d.c. supply voltage. However, the a.c. motor requires 
an average voltage proportional to frequency, and this 
variation of the output voltage with frequency requires 
the use of an additional chopper circuit. 


Pulsed quasi-square-wave source inverter 


The need for this extra circuitry can be overcome by the 
pulsed quasi-square-wave system. The output of this 
system is shown in Fig.7. Each of the three inverter 
outputs supply the motor with n output pulses, ampli- 
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controlled rectifier | choxe current-source inverter 


M79592/4 


M79602/5 


Fig.5 Voltage-source inverter 


M79592)7 


Fig.7 Pulsed quasi-square waveforms 


tude V,, pulse-width T, , during each half-period. 
The average line output voltage for half a period is 
given by: 


Zz 2 
V(R-Y)av = V5 X nx3X T; X T° 
4n 
=V,X XT; a 
The output voltage Vp _yyay is therefore proportional 
to the motor drive frequency f,,, assuming V,, n, and T; | 
M79592/6 are fixed, and so the induction over the whole speed 
range is constant. However, for a fixed number of pulses 


per cycle, system performance is limited at high speeds 


Fig.6 Quasi-square waveforms 
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by the high inverter switching frequency required, and at 
low speeds by the pulsating torques produced. 

The performance of the pulsed quasi-square-wave 
system can be considerably improved by increasing the 
number of pulses per half-period as the motor speed 
decreases. The pulse-width T; has to be decreased at the 
same time so that the total half-period voltage-time 
product remains constant. This increase in pulse number 
reduces the level of the harmonics in the motor current 
to a level comparable with the simple quasi-square-wave- 
forms. However, the harmonic spectra associated with 
the quasi-square-waveforms (Fig.8a) give rise to signifi- 
cant motor losses requiring derating of the motor. 


PWM control of a.c. motors using an LSI circuit 


The motor performance obtained using the quasi-square 
inverter system can be improved by using the technique 
of sinewave-modulated pulse-width modulation (PWM). 
Many types of sinusoidal PWM systems have been 
developed in the past, but each system has had its own 
shortcomings, such as circuit complexity, cost, and 


quasi- square 


1 -<3P Sd 11:13 17.19 2325 


harmonic number (a) 


15-pulse PWM 


aa 
1113.15*17 19 
(b) 
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(c) 
* suppressed carrier 
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Fig.8 Motor line voltage spectra 
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output variation with temperature, etc. Our approach 
overcomes ail of these problems by using a purpose- 
designed LSI circuit type HEF4752V for signal genera- 
tion. This IC uses a totally digital approach and is 
fabricated using the LOCMOS process. A block diagram 
of the system is shown in Fig.9, and the PWM section, 
the most important part of this diagram, is described 
below. 

The IC provides three complementary pairs of output 
drive waveforms which, when applied to a three-phase 
bridge inverter, produce a symmetrical three-phase (120°) 
output. Data inputs for reversing, start/stop, and interlock 
delay selection are provided. Twelve PWM outputs, 
together with monitoring and synchronising signals, are 
available for user control. 

The output waveforms are pulse-width modulated 
using double-edged modulation such that the average 
voltage difference between any two of the three output 
phases varies sinusoidally, and this is illustrated in Fig.10 
using a nine-pulse waveform for clarity. Figure 10a 
shows the unmodulated inverter output, 10b shows the 
double-edge modulated R-phase, 10c and 10d show the 
double-edge-modulated Y and B phases. The line-to-line 
voltage obtained by subtracting the R and Y phases is 
shown in Fig.10e. Double-edged modulation combined 
with odd multiple-of-three values for pulse number or 
frequency ratio n would give perfect line-to-line voltage 
waveform symmetry as illustrated in Fig.10e. The term n 
is defined as the ratio of switching frequency to motor 
drive frequency. In practice, the following eight pulse 
numbers (n) were chosen: 


n= 15, 21, 30, 42, 60, 84, 120, 168. 


Figure 8 compares the harmonic spectra of a quasi- 
square-waveform to the PWM waveforms with n= 15 
and n= 21. The information in Fig.8 is also given in 
Table 1. These PWM harmonic patterns together with 
the variable pulse number operation produce low motor 
losses and smooth starting performance. 

The relationship between the motor drive voltage and 
frequency is inherently linear, but separate control of 
voltage and frequency is possible if required. Double- 
edged modulation has the advantage of giving twice the 
number of line voltage pulses for any given switching 
frequency, resulting in substantially lower values for 
motor current ripple compared with single-edged modu- 
lation systems. The system has a built-in over-modulation 
capability which permits the PWM waveform to become 
a quasi-square waveform in the limit condition. This 
facility is useful in retro-fit applications where a standard 
induction motor is fitted to machinery and variable 
speed operation up to the same top speed is required. 

The integrated circuit has four clock inputs which 
define motor frequency, motor Hz/volt, bridge switching 
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Fig.9 Voltage-source PWM inverter system 
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Fig.10 9-pulse sinusoidal PWM waveforms. 
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Harmonic contents for quasi-square, 1 5-pulse, and 21-pulse waveforms 
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Harmonic number 


Ay As 
Quasi-square wave 1.103 0.221 
15-pulse waveform* 0.881 0.002 
21-pulse waveform* 0.881 0.003 


*At 100% modulation 


frequency, and minimum pulse width. The inverter 
switching frequency f, is an integral multiple of the 


motor drive frequency f,, that is: 


Ay Ai Aj3 Ai7 Aig 
0.157 0.100 0.085 0.065 0.058 
0.007 0.009 0.248 0.305 0.038 
0.001 0.014 0.005 0.006 0.257 


All tabulated values are referenced to the a.c. supply voltage source. 


hysteresis is included at the pulse number change points 
to ensure that jitter is avoided when operating in these 


regions. The minimum switching frequency is set 


internally by the LSI circuit to: 


f 


Figure 11 shows typical operation with the maximum 


switching frequency set to 1 kHz. A small amount of 
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Fig.11 Inverter switching frequency versus motor drive frequency with pulse number as a parameter 
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within a band of constant width over an operating motor 
drive frequency range of greater than 18.5:1. 

Figure 12 shows the resultant line currents at various 
frequencies for a 2.2 kW motor system using a maximum 
switching frequency of 1 kHz. 


Single section of three-phase inverter 


The inverter circuit design required for PWM using the 
LSI circuit type HEF4752V is composed of three com- 
pletely independent choppers, one for each of the phases 
R, Y, and B. A circuit diagram of a section of such an 
inverter is shown if Fig.13. 

The circuit contains four thyristors: two main thyris- 
tors Th, arid Thy which chop the rectified mains, and 
two commutation thyristors Th, and Thy which force- 
commutate Th, and Th,. The trigger pulses for the 
thyristors are supplied via pulse amplifiers and trigger 
pulse transformers. The motor current I, is conducted 
alternatively via Th, and the flywheel diode D4, or via 
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Line current waveforms at various motor drive 
frequencies: 
(a) motor drive frequency = 10 Hz 
pulse number = 60 
(b) motor drive frequency = 25 Hz 
pulse number = 21 
(c) motor drive frequency = 50 Hz 
pulse number = 9 


Thy and D,. The commutation circuit for Th, is com- 
posed of the elements Th,,D3, L,, and C,, and flywheel 
diode D,. 

The anti-parallel connection of the main thyristor- 
diode combination (for example Th, and D, ) avoids the 
need to use reverse voltage commutation which is 
particularly important since it permits the use of modern 
high-speed asymmetric thyristor types having only a few 
volts reverse blocking capability. 

The operating principle of the commutation circuit 
can be understood with reference to Fig.14 which shows 
only the basic elements of the commutation circuit 
associated with main thyristor Th,. It is assumed that 
the capacitor C, is charged to the supply voltage with 
the polarity marked ‘a’ and Th, is conducting the load 
current |, and is required to be turned off. Commutation 
is initiated by triggering the auxiliary thyristor Th3. This 
action causes a sinusoidal resonant current to flow via 
Th3, Ly, and C, in the direction indicated by the arrow 
marked ‘A’. At the end of the half-cycle of sinusoidal 
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Fig.13 One phase of three-phase PWM inverter 


M79592/14 
Im 


Fig.14 Principle of auxiliary commutation 


current the voltage polarity of C, is now reversed 
(marked ‘b’), the current through Th, is zero and Th, 
turns off. The direction of capacitor current now 
reverses, and the second half-cycle of sinusoidal resonant 
current begins to flow in the directions indicated by the 
arrow marked ‘B’. As the current through D, increases 
during the resonant half-cycle, so the load current I,, is 
increasingly supplied from the resonant circuit. A point 
is reached when no current is supplied through Th, and 
the thyristor turns off. Any excess current flows through 
D,, and the duration of conduction of D, provides the 
turn-off interval. During the fourth quarter-cycle when 
the current in D3 is again reduced to the load current I,,,, 
forward voltage is then reapplied to both thyristors Th, 
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and Th3, and the capacitor voltage polarity is now 
restored to the initial condition marked ‘a’ and commu- 
tation of Th, is complete. 

The second half-sinewave of current which commu- 
tates-off Th, has an amplitude lop and a period Top 
given approximately by: 


[cp Veb V(C,/L,), 
Top = mV (L,C}), 


where C, = commutation capacitance and L, = commu- 
tation inductance. 

The values of C, and L, must be chosen so that the 
commutation current in Ly exceeds the maximum peak 
load current I,, for the commutation turn-off, ‘tq value’ 
of the thyristor Thy. 

In the inverter section shown in Fig.13, the values of 
I, and C, required are determined by the maximum 
motor peak current, the minimum d.c. voltage Veb(min): 
and the required turn-off time tg of Thy, as given in the 
following equations: 


Sad 0.4 Veb(min) X ty 
: ln (pk) 


’ 


tq X Imi pk) 

Veb(min) 
An RC filter is connected across each thyristor to ensure 
that, after commutation the rate of rise of reapplied 


voltage dV/dt does not exceed the thyristor rating. 
Diodes Dg and Dg with the resistors R, provide critical 


V 


C 
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damping of the L,C, and L3C, circuits at the end of a 
commutation cycle. Diodes D, and D, limit the maxi- 
mum peak voltages across the thyristors to slightly more 
than the d.c. supply voltage. 

For good performance, smooth operation at low 
speeds, and high electrical efficiency, it is necessary to 
operate the inverter at a relatively high PWM switching 
frequency. This requires the use of thyristors with short 
tg times and high reapplied dV/dt ratings together with 
correspondingly fast diodes. Suitable thyristors and fast 
diodes are available from our range. 


A.C. MOTOR SPEED CONTROL SYSTEM 
USING HEF4752V 


An example of a practical drive system has been designed 
round our fast thyristors and the PWM IC type 
HEF4752V (see Fig.15). The type of thyristors, and the 
design of the power section, are determined by the power 
rating of the motor which is to be controlled. 


System specification 


The specification of the described system includes: 

@ Mains input: standard three-phase, 380 to 415 V, 
50 Hz 

@ Fast dynamic speed response (accelerating and 
decelerating) 

@ Output frequency: 0 to 100 Hz (bidirectional speed 
control) 

@ Output voltage: up to 415 Vr.m.s. (line-to-line) for 
415 Vr.m.s. line voltage input 

@ Fast dynamic braking 


Control system 


The control system provides the following facilities. 

@ Adjustment of motor speed, from zero up to twice 
nominal speed. Remote control is possible by an 
externally supplied control voltage. 

@ Adjustment of maximum motor current up to about 
150% of the nominal value. 

e@ Adjustment of the acceleration and deceleration time 
during motor speed variation. 


Fig.15 2,2 kW PWM a.c. motor control system 
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Fig.16 PWM motor control system using HEF4752V 


@ Limitation of power regenerated during speed deceler- 
ation to protect the inverter against overvoltage. 

@ Adjustable slip correction to improve speed regula- 
tion with load variation. 

® Adjustable ‘IR’ compensation to increase the starting 
torque. 


The basic speed control system is shown in Fig.16. 
The mains input is connected to the rectifier via an inter- 
ference filter which ensures that mains pollution caused 
by the inverter remains below CISPR and VDE limits. 
The d.c. voltage Vc, is smoothed by a smoothing 
capacitor and then applied to the inverter. The inverter 
delivers the three-phase output voltages for the a.c. 
motor. The d.c. supply voltage is also connected to an 
SMPS, which provides the low-voltage supply for the 
control section. 

To limit motor current and V4, during overload or 
braking conditions, the following three feedback signals 
are supplied to the control section. 

@ A voltage Vc,*, from the SMPS: this signal is pro- 
portional to the d.c. voltage across the smoothing 
capacitor. Without some form of voltage limitation, 
the d.c. voltage across the smoothing capacitor can 
become excessive under uncontrolled braking condi- 
tions. Vc,* is also used to provide safe operating 
conditions during switch-on and switch-off. 
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e A signal M/G: this signal is also derived from the 
smoothing capacitor voltage, and indicates the direc- 
tion of power flow in the drive system (motor mode 
or generator mode). 

@ The motor current signal I, *: this is sensed by a D.C. 
Current Transformer (DCCT) in the motor current 
lines. 


The twelve thyristors of the inverter section are 
triggered by the PWM IC, the HEF4752V, via pulse 
amplifiers and trigger transformers. The HEF4752V 
generates the sinusoidal pulse-width modulated signals. 
The following four clock inputs VCT, FCT, RCT, OCT 
define the operating conditions of the IC. 

@ VCT (Voltage Clock Trigger). This determines the 
output frequency/voltage ratio (Hz/V). 

@ FCT (Frequency Clock Trigger). This determines the 
motor supply frequency, thereby controlling the 
motor speed. 

@ RCT (Reference Clock Trigger). This sets the inverter 
maximum switching frequency. 

© OCT (Output Clock Trigger): This sets the minimum 
pulse-width allowable. 


The CW input to the HEF4752V determines the 
direction of motor rotation. The motor can only be 
reversed when the FCT clock is stopped. Both FCT and 
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VCT are generated in the control section. Motor speed, 
maximum motor current, and motor voltage are adjust- 
able by potentiometer settings Nrey, Iin¢rerys 22d Vinot- 
However, under overload and regenerative conditions, 
the motor speed is also controlled by the motor current 
and the d.c. voltage across the smoothing capacitor. The 
analogue control section provides the required start and 
stop signals to ensure safe switching on and off of the 
power section. 


Speed reference circuit 


The speed reference circuit provides the voltage control 
signal for the FCT clock pulse generator. The input 
speed reference signal can be adjusted by potentiometer, 
Nrop from -—10V to +10 V, varying the motor speed 
from maximum clockwise to maximum counter clock- 
wise. A functional diagram of the circuit is given in 
Fig.17. The circuit rectifies the input signal. The output 
signal can be expressed as Vy = -kIN,,y|. The required 
direction of rotation is given by the digital CW/CCW 
output signal. 

The output Vy is derived from the signal N..y via a 
comparator (1) and an integrator (2). A stepwise varia- 
tion of N.., results in a linear increase or decrease of the 
output signal Vy. The rate of variation of Vy can be 
adjusted via the accelerate/decelerate limiting potentio- 
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Fig.18 Performance of speed reference contro! system 


meters A and D, as shown in the waveforms of Fig.18. 
This control of maximum speed variation protects the 
drive system, and is useful for achieving special speed 
change characteristics. Inverter protection against exces- 
sive motor currents and against excessive voltage across 
the smoothing capacitor during a regenerative mode is 
given by the Ij, signal, obtained from the current 
voltage control circuit (see next section). A motor cur- 
rent which exceeds the preset current limit under motor- 
ing conditions (such as a stalled motor), will result in a 
negative signal of 1);,,. The negative value of Vx will be 
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| 
| CW/CCW 
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Fig.17 Speed reference control system 
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decreased, resulting in a lower output frequency of the 
inverter, thereby reducing the slip and the motor 
current. 

Under regenerative conditions, ,,,, will be positive if 
the preset limits for current or voltage across the smooth- 
ing capacitor are exceeded. This action increases the 
value of —Vy,, and thus increases the output frequency. 
In this way the frequency difference between inverter 
and rotor (slip frequency) is decreased, thereby reducing 
the braking torque of the motor. 

For correct current control, the M/G signal is also 
supplied to the accelerate/decelerate limiting circuit. 
Motor acceleration is prevented as long as the M/G signal 
indicates the generator mode. A second digital input is 
provided by the start signal which releases the output 
Vw after the start procedure. To improve the motor 
speed stability, a signal I,,,* can be applied to the input 
of the first comparator (1). This signal increases the 
inverter output frequency when the motor torque is high 
(slip correction). 


Current /voltage limitation 


As mentioned in the previous section, the inverter should 
be protected against excessive current and voltage. The 
current and voltage control loops that provide this 
protection are shown in Fig.19. 

The motor current is measured by three d.c. current 


+ 


Vbiref) i es ; 
Gl(ref) 
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Fig.19 Current and voltage limit control system 


transformers connected between the inverter output and 
motor. If the motor current exceeds the value set by the 
potentiometer Ty (retys Ljim becomes negative, resulting 
in reduction of the inverter output frequency and hence 
the motor torque. 

During braking, when power is regenerated to the d.c. 
supply source, the voltage across the smoothing capacitor 
Vecp rises above its normal vali. >. This increase results in 
an activation of the M/G signai from the mains supply 
section, and the lower control section of Fig.19 becomes 
operative. As soon as the braking current signal I,,* 
exceeds the value of Ic;(;e4), 4 positive voltage is genera- 
ted at the |,,,, output. The inverter output frequency is 
therefore increased and the braking torque reduced. If 
the voltage across the smoothing capacitor exceeds the 
preset maximum level Vepi;ery, the comparator (3) 
reduces the reference value IG ;gy) of the current 
comparator (4). The braking torque will then be reduced 
to a level where the regenerated power is just compen- 
sated by power losses of the inverter, the SMPS, and the 
motor. As a result of this control principle, the maximum 
braking action is always available. 


Motor voltage control 


To improve the low-speed torque of the motor, required 
for such load conditions as compressors and vehicle drive 
systems requiring a high starting torque, it is necessary 
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to increase the motor voltage at low speed. This function, 
which compensates for the relatively high ‘IR’ losses at 
low speed, is obtained by decreasing the frequency of 
the VCT clock at the low end of the speed range. The 
circuit can be adjusted with three potentiometers giving 
control over the following conditions: 


1) the motor voltage at nominal speed, 
2) the speed range for ‘IR’ compensation, 
3) the maximum ‘IR’ compensation at zero speed. 


APPLICATIONS 


The stage of technological evolution has now been 
reached where it is cost-effective to manufacture 
general-purpose high-quality industrial variable-speed 
drives using three-phase induction motors. This has been 
made possible by recent advances in power semiconduc- 
tors and the introduction of a purpose-designed LSI 
circuit for signal generation. 

The system described in this article illustrates one 
method of producing a high-performance variable-speed 
drive for a three-phase induction motor, using the most 
advanced power semiconductors and LSI technology 
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now available. Typical applications of variable-frequency 
a.c. inverters include: 


textile manufacturing, 

chemical processing, 

glass manufacture, 

machine tools, 

polymer forming, 

food processing, 

material handling and packaging, 
printing and paper making, 
grinders, | 

pumps. 


In these and many other applications, the electronic 
motor control system described in this article provides 
improved efficiency, compactness, and control flexibility. 
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In the past, sinusoidal Pulse-Width Modulation (PWM) 
speed control systems for three-phase a.c. motors have 
been produced in a number of different forms. However, 
no single system has been completely satisfactory. High 
costs, circuit complexity, output variation with tempera- 
ture, etc. have all prevented the widespread application 
of this potentially attractive method of a.c. motor speed 
control. This article describes a purpose-designed LSI 
circuit, type HEF4752V, which has been developed 
specifically for signal generation in such systems, and 
overcomes all the previous disadvantages. The IC is 
manufactured using locally-oxidised complementary 
MOS technology (LOCMOS) and is mounted in a 
standard 28-pin dual-in-line package. 

This is the third in a series of articles all devoted to 
our a.c. motor speed control system. A general introduc- 
tion to this subject is given in Refs.1 and 2, and a 
description of an inverter circuit developed specifically 
for the system is given in Ref.3. 


PWM CONTROL OF A.C. MOTORS 


A block diagram of our PWM speed control system is 
shown in Fig.]. In this system, the output waveforms 
from the three phases Red (R), Yellow (Y), and Blue (B) 
ofa six-element inverter consist of sinusoidally modulated 
trains of carrier pulses, both edges of each pulse being 
modulated to give an average voltage difference between 
any two of the output phases which varies sinusoidally. 
This is illustrated in Fig.2 for a carrier wave having 15 
pulses for each cycle of the inverter output. 

Figure 2a shows the 15-fold carrier, Fig.2b the double- 
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edge modulated R-phase, and Figs.2c and 2d show the 
double-edge modulated Y and B phases. The line-to-line 
voltage obtained by subtracting the Y-phase from the 
R-phase is shown in Fig.2e. 

A detail of the double-edge modulation of a carrier 
wave is shown in Fig.3. Each edge of the carrier wave is 
modulated by a variable time 4, where 6 is proportional 
to sina, and a is the angular displacement of the 
unmodulated edge. The modulation of a 15-fold carrier 
requires a total of 30 6 values. 

The modulation of the output waveforms is achieved 
by opening and closing the upper and lower switching 
elements (transistors or thyristors) in each phase of the 
inverter. Closing the upper element gives a high output 
voltage, and closing the lower element gives a low output 
voltage. The basic function of the PWM IC is to provide 
three complementary pairs of output drive waveforms 
which, when applied to the six-element inverter, open 
and close the switching elements in the appropriate 
sequence to produce a symmetrical three-phase output. 
The drive waveforms are supplied to the inverter via 
buffer amplifiers with isolation where necessary. The 
integrated circuit is completely digital, so that the repeti- 
tion frequency of the PWM signal (switching frequency) 
is always an exact multiple of the inverter output 
frequency. This results in excellent phase and voltage 
balance and consequent low motor losses. 

A 15-fold carrier multiple is used only for the highest 
motor speed range. To improve the pulse distribution at 
lower motor speeds the switching frequency is derived 
from higher multiples of the inverter output frequency. 
A hysteresis between the switching points is included to 
avoid jitter when operating in these regions. Typical 
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Fig.3 Detail of double-edge modulation 


values of the carrier multiple and the output frequency 
are given in Table 1. It should be noted that this table 
applies only for a particular set of input conditions. The 
selection of input conditions is discussed later in this 
article. 

For the values shown in Table 1, the IC has full 
control of the inverter switching frequency for output 
frequencies in the range 4.0 to 71.3 Hz. For output 
frequencies greater than 71 .3 Hz, the switching frequency 
will increase beyond 1070 Hz until over-modulation is 
reached. Over-modulation implies a merging of adjacent 


pulses, with a corresponding reduction in switching 
frequency, until eventually a quasi-square output wave- 
form is obtained. The point at which over-modulation 
occurs is determined by two of the clock inputs of the 
IC: VCT and FCT. This is covered in detail under the 
discussion of the VCT clock input. The practical upper 
limit on the output frequency is determined by the 
rating of the motor under control, the design of the 
inverter, and the performance of the IC. Detailed advice 
on the recommended maximum output frequency is also 
given under the discussion of the VCT clock input. 


TABLE 1 


Variation of carrier multiple with output frequency 


Output frequency range 
Hz 


0 to 4.0 
4.0 to 6.4 
5.7 to 8.9 


8.1 to 12.8 
11.2 to 17.9 
16.3 to 25.5 
22.3 to 35.7 
32.5 to 51 
44.6 to 71.3 
71.3 + 
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Carrier multiple 


Switching frequency 
Hz 


0 to 675 
675 to 1070 
675 to 1070 
675 to 1070 
675 to 1070 
675 to 1070 
675 to 1070 
675 to 1070 
675 to 1070 
See text 
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HEF4752V INTERNAL ORGANISATION 


A block diagram indicating the internal organisation of 
the IC is shown in Fig.4. The circuit comprises three 
counters, one decoder, three output stages, and a test 
circuit. The test circuit is used primarily for testing the 
IC during manufacture, and is not discussed in this 
article. The operation of the IC is now considered in 
outline, and this is followed by a detailed discussion of 
the various input/output functions. 

The three output stages (Fig.4) correspond to the R, 
Y, and B phases of the inverter. Each output stage has 
four outputs: two main outputs which control the upper 
and lower switching elements in each phase of the 
inverter, and two auxiliary outputs used to trigger com- 
mutation thyristors in 12-thyristor inverter systems. As 
explained above, the essential function of the IC is to 
provide the output waveforms which open and close the 
upper and lower inverter switching elements in the 
appropriate sequence. This is achieved by alternately 
switching between the upper and lower main outputs in 
each output stage. To ensure that the main outputs can- 
not be on simultaneously, an interlock delay period is 
used to separate the on condition of the upper and lower 
outputs. The interlock delay period is determined by 
inputs OCT and K, while the switch between the main 
outputs is controlled by an internally-generated control 
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signal. A change in the level of this control signal causes 
the HIGH main drive output to switch off, and then 
after the interlock delay period, causes the LOW main 
drive output to switch on. With the interlock delay 
period fixed, variations in motor speed are produced by 
changes in the control signal, and a description of the 
production of this signal provides a basic understanding 
of the operation of the IC. 

The control signal is derived from the carrier wave 
modulated by the appropriate 6 values. Production of 
the control signal therefore requires the determination 
of the correct carrier frequency, and the corresponding 4 
modulations. The carrier frequency, which is equal to 
the product of the output frequency and the carrier 
multiple, is set by the FCT counter and the RCT counter. 
Dividing the clock input of the FCT counter by 3360 
gives the output frequency, while the correct carrier 
multiple is determined by gating RCT clock pulses into 
the RCT counter, with a gating time equal to a fixed 
number of FCT clock pulses. For a given frequency of 
the RCT clock, the number of pulses counted in the 
gating time will fall as the frequency of the FCT clock 
increases, and this is used to derive a correspondingly 
lower value of the carrier multiple. 

For each value of the carrier multiple, the decoder 
holds a corresponding set of 5 values. Each 6 value is 
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stored as a number, and the width of the corresponding 
modulation is determined by the rate at which this 
number is counted. The counting frequency used is the 
VCT clock input, and the modulation depth is therefore 
inversely proportional to the frequency of the VCT 
clock input. 

From the carrier frequency, and the 6 modulations, 
the decoder finally assembles the control signal. A total 
of three control signals is produced by the decoder, one 
for each output stage, with a phase difference of 120° 
between each signal. 


INPUT /OUTPUT FUNCTIONS OF THE 
HEF4752V 


A pinning diagram of the HEF4752V IC is shown in 
Fig.S5. The IC has 12 inverter drive outputs, three control 
outputs, four clock inputs, and seven data inputs. 


HEF 4752V 
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Inverter drive signals 


There are six main drive outputs which are arranged in 
complementary pairs. The pins are coded as follows. 


First letter O (output) 

Second letter R, Y, or B (phase indication) 

Third letter M (main) 

Number 1 for output of upper switching 


element, or 2 for lower switching 
element 


For example, ORM2 is the main drive waveform for the 
Red phase lower switching element. 

Associated with each main output is the auxiliary 
output used to trigger the commutation thyristor in 12- 
thyristor inverter systems. These outputs are identified 
by a Cas the third letter of the pin code, so that ORC2 
is the commutation trigger pulse output associated with 
ORM2. 

The inverter drive signals can be obtained in two 


PINNING 


Inverter drive signals 

8 ORM1 R-phase main 

9 ORM2 R-phase main 
ORC1 R-phase commutation 
ORC2 R-phase commutation 
OYM1 Y -phase main 
OYM2 Y-phase main 
OYC!1 Y -phase commutation 
OYC2 Y-phase commutation 
OBM1 B-phase main 
OBM2 B-phase main 
OBC1 B-phase commutation 
OBC2 B-phase commutation 


Data inputs 

24 
25 

7 

5 
13 
15 
16 


Clock inputs 
12 frequency clock 
17 voltage clock 
4 reference clock 
6 output delay clock 


Control outputs . 
23 R-phase synchronisation 
26 average voltage 
18 current sampling pulses 


Fig.5 Pinning diagram 
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forms, one mode for driving transistor inverters, the 
other for thyristor inverters. The form produced by the 
IC is determined by the logic level applied to the data 
input I. 


Data inputs | 
Data inputs I, K, and L 


As explained above, input I determines whether the 
inverter drive signals are in the thyristor or transistor 
mode. Input I LOW corresponds to the transistor mode; 
input | HIGH corresponds to the thyristor mode. In the 
transistor mode the main upper and lower switching 
elements in the inverter are switched HIGH alternately, 
with an interlock delay period (both switches LOW) at 
each changeover. During the delay period the commuta- 
tion output associated with the off-going main output is 
set HIGH. The data input K, in association with the 
clock input OCT, is used to adjust the length of the 
interlock delay period. The details of this adjustment are 
described under the discussion of clock input OCT. 

Input L provides a stop/start facility. In the transistor 
mode, with L LOW, all main and commutation signals 
are inhibited, and with L HIGH, the normal modulated 
block pulses continue. The action of L inhibits the actual 
output circuits only, so that while Lis LOW the internal 
circuits generating the output signals continue to operate. 
Typical output waveforms for the transistor mode are 
shown in Fig.6. Figures 6a to 6d show the normal 
inverter drive outputs, and Fig.6e shows the internally- 
generated control signal which effects the transition 
between the upper and lower main drive outputs. Figures 
6g to 6j illustrate the influence of changes in the level of 
input L (Fig.6f) on the inverter drive outputs. 

With input I HIGH, thyristor mode, the main outputs 
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become pulse trains with a mark-space ratio of 1:3, and 
the commutation outputs become a single pulse lasting 
for the first quarter of the interlock delay period. This is 
used to facilitiate the use of trigger transformers for 
isolation purposes. The interlock delay period is set in 
the same way as that used in the transistor mode, but in 
this case the logic level at input K and the frequency of 
OCT also control the frequency of the main output 
pulse trains, which in turn will affect the choice of trigger 
transformer. The delay period is selected to allow time 
for the commutation circuit to operate and reset in the 
12-thyristor circuit, or to set the minimum pulse width 
for the six-thyristor self-commutated circuit. In this 
mode, with L LOW, the three lower switching elements 
in the inverter are triggered continuously, the upper 
elements being inhibited. Typical cutput waveforms for 
the thyristor mode are shown in Fig.7. 


Data input CW 


The phase sequence input CW is used to control the 
direction of rotation of the motor by altering the phase 
sequence. This is illustrated in Table 2. The phase 
sequences shown in Table 2 represent the order in which 
the phases pass through zero voltage in a positive direc- 
tion. 


TABLE 2 
Phase sequence input CW 


Input CW Phase sequence 
LOW R, B, Y 
HIGH R, Y,B 


M80854/6 


L high 
ORC1 


signal 


L varying 


Fig.6 Typical output waveforms for transistor mode 
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Fig.7 Typical output waveforms for thyristor mode 


Data inputs A, B, and C 


The three inputs A, B, and C are provided for use during 
production testing. They are not used during normal 
operation, when they must be connected to Vg (0 V). 
Input A HIGH initiallises all the IC circuits, and can be 
used for reset. The use of input A is considered in detail 
below under the discussion of switch-on conditions. 


Clock inputs 


There are four clock inputs which are used to control 
the output waveforms. The following sections give a 
guide to selecting the frequency, or range of frequencies, 
for each clock. 


Frequency control clock FCT 


The clock input FCT controls the inverter output 
frequency f,,,;, and therefore the motor speed. The 
clock frequency f):c7 is related to f,,,, by the following 
equation: 

| firey = 3360 X fout- 


It is permissible to stop the FCT clock during system 
operation, the effect being to switch the outputs to either 
all M1 or all M2 outputs, and this occurs irrespective of 
the state of input I. 


Voltage control clock VCT 


An induction motor is governed by the general expression: 


so that to maintain constant motor flux, the voltage-time 
product Vt must be kept constant. The IC automatically 
satisfies this requirement by making the output voltage 
directly proportional to the output frequency. The level 
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of the average inverter output voltage, at a given output 
frequency, is controlled by the VCT clock input, changes 
in output voltage being achieved by varying the modula- 
tion depth of the carrier. Increasing fyc7z reduces the 
modulation depth, and hence the output voltage, while 
decreasing fy cy has the opposite effect. 

The maximum undistorted sinusoidal output voltage, 
which is obtainable in a given system, is determined by 
the voltage of the d.c. link, Vj;,,; the maximum r.m.s. 
value of the fundamental component is given by 0.624 X 
Viink: This voltage occurs at 100% modulation of the 
carrier; that is, when some adjacent pulses are just about 
to merge. The output frequency at which this condition 
can apply in a given system is determined by the Vt 
product of the motor. The frequency at 100% modula- 
tion, fourgm)» can be determined by relating the 
maximum r.m.s. inverter output voltage to the motor 
ratings as follows: 


0.624 Vink 
foutcm) = fy Xx Vn ’ 


where fy is the motor rated frequency and Vx the motor 


~ rated r.m.s. voltage. 


Once fout(m) has been established, a value of fycy 
can be determined which will set the Vt product 
correctly throughout the frequency range of the motor 
to be controlled. This nominal value of fy¢-y is denoted 
by fy cT(nom)> and is related to fout(m) DY: 


fVCT(nom) = 6720 X fourm): 


With fycy fixed at fycT (nom): the output voltage will 
be a linear function of the output frequency up to 


fisut¢m): Any required variation in this linear relation- 
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ship is obtained by changing fyc7. For example, to 
double the output voltage at low frequencies, as a 
possible compensation for ‘IR’ losses, fyc7 is made 
equal to 0.5 fyCT(nom): = « 

The frequency ratio fpcy/fyc7 is important in 
system design. At 100% modulation it will have a value 
given by: 


fect 3360 X fout(m) 


fyctinom)  §720X foutcm) ” 


0.5. 


Below 0.5 the modulation is sinusoidal, while above 
0.5 the phase waveform approaches a squarewave, giving 
a quasi-squarewave line-to-line voltage. At approximately 
2.5, the full squarewave is obtained. Above 3.0, the 
waveform becomes unstable as the internal synchronising 
circuits cannot function correctly, and 3.0 is therefore 
the recommended limit. 


Reference clock RCT 


RCT is a fixed clock which is used to set the maximum 
inverter switching frequency fy ax)- The clock 
frequency, fpr, is related to fym,4ax) by the following 
equation: 

fpcr = 280X fy max): 

The absolute minimum value of the inverter switching 
frequency, fyminy, is set by the IC at 0.6 fy max). 
These figures apply provided f;:c7 is within the range 
0.043 fpcy to O8frey, and frcr/fycy is less 
than 0.5. 

Figures 8 and 9 show the variation of inverter switch- 
ing frequency plotted against output frequency with 
fact = 280 kHz, and fymax) = 1 kHz. To obtain the 
equivalent figures for different values of fax), both 
scales and fpcyz should be multiplied by the required 


value of fy¢max) in kHz. For example, with fycmaxy = 


2 kHz, fpcy =2 X 280 = 560kHz, and referring to 
Fig.9, the value of f; for f,4, = 50 Hz (2 X 25) will be 
1.5 kHz (2 X 0.75) at a pulse rate of 30 pulses per out- 
put cycle. Referring to Figs.8 and 9, it can be seen that 
the range of f,,, that will keep f, in the band 2 to 
1.2 kHz will be 7.1 Hz (2 X 3.55) to 133 Hz (2 X 66.5), 
provided the ratio fec7/fycr is less than 0.5. 


Output delay clock OCT 


The OCT clock input, operating in conjunction with the 
data input K, is used to set the interlock delay period 
which is required at the changeover between the comple- 
mentary outputs of each phase. For a thyristor inverter, 
where the output thyristors are triggered by a train of 
pulses (mark-space ratio 1:3), OCT and K have the addi- 
tional function of determining the frequency of the 
pulse train. | 

The operation of OCT and K is shown in Table 3. 
Whenever possible input K should be HIGH as this keeps 
the jitter caused by lack of synchronisation between 
FCT and OCT to a minimum. In many cases a design 
economy can be obtained by using the same clock for 
both RCT and OCT. 


Control outputs 


Oscilloscope synchronisation RS YN 


This is a pulse output of frequency f,,,, and pulse width 
identical to the VCT clock pulse. It is timed to occur 
just before the positive-going zero transition of the 
R-phase voltage. It therefore provides a stable reference 
for triggering an oscilloscope. 


Output voltage simulation VAV 


VAV is a digital waveform which simulates the average 
value of the expected line-to-line voltage of the inverter 
output; however, it excludes the effect of the interlock 


TABLE 3 
Operation of clock input OCT* and data input K 


K Interlock delay period — Trigger pulse frequency Trigger pulse width 
ms kHz ms 
LOW —— 8ifoctr focr/8 2/foct 
HIGH 16/focr focy/16 4lfocr 
*focT in kHz 
September 1985 
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60 66.5 70 80 90 
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Fig.8 Inverter switching frequency against output frequency (full range) 
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Fig.9 Inverter switching frequency against output frequency (expanded scale for low frequencies) 
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delay set by the K and OCT inputs, and is present 
irrespective of the L input state. The VAV signal has a 
frequency equal to the inverter switching frequency fout, 
and a modulation given by 6foyt. 

VAV is useful for closed-loop control of fycy to 
obtain some improvement in the linearity of voltage 
with frequency when the frequency ratio f; cy/fycrz is 
greater than 0.5. The variation of VAV with frequency 
ratio is shown in Fig.10. 


Inverter switching output CSP 


The output CSP is a pulse train at twice the inverter 
switching frequency. The falling edge of each pulse 
occurs at the point of zero modulation of the main out- 
puts. When fi:c7/fycp exceeds 0.5, CSP represents the 
theoretical inverter frequency; however, because of the 
merging of pulses from over-modulation, the actual 
switching frequency will be less. As with the VAV 
output, CSP is unaffected by the state of input L. 


APPLICATION ADVICE 


Proper operation of the IC requires limitations on the 
frequency ratio f}:c7/fycy, and on the range of fy:cr. 
These limitations have already been described under the 
discussion of the clock inputs VCT and RCT. Three 
additional conditions for ensuring satisfactory perform- 
ance are now considered. 


Start/stop input L 


If input L is used in the thyristor mode, care must be 
taken to ensure that the switching edges are clean. For 
example, if some switch bounce occurs when switching 
to the LOW condition, then this can result in one or 
more of the MI outputs being on instead of all the M2 
outputs. A simple circuit to overcome this problem, 
together with the corresponding output waveform, is 
shown in Fig.11. 


Switch-on conditions 


For safe operation an initial switch-on period is required, 
during which the thyristor trigger circuits or transistor 
drive circuits are inhibited, and the correct clock and 
input conditions are established. During the first half of 
the switch-on period, the internal IC circuit should be 
reset. This can be done by either applying a HIGH signal 
to input A, or running the FCT clock for at least 
3360 FCT pulses. 

The required input states on all inputs must be estab- 
lished during the second half of this period. If FCT is to 
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Fig.10 VAV against fecr/fyctT 
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pulse width: (a) Circuit with pinning corresponding to IC 
type HEF 4093. (b) input/output pulse trains 
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Minimum pulse width 


From Figs.6 and 7 it can be seen that once the control 
msogs4/12 signal (waveforms 6e and 7e) produces a pulse width 
equal to, or less than, the interlock delay, the appropriate 
main output is reduced to a narrow pulse. The width of 
red phase M1 this pulse is 1/fo 7 and it is always followed by a full- 
width commutation pulse. In the transistor mode, this 
narrow pulse will normally have little or no effect on the 


| ORC1 red phase C1 : : , 
‘ inverter. However, in the thyristor mode the correct trig- 
bree 4 gering of the main thyristor may require the connection 
ORM2 of the commutation pulse to the main pulse via an OR- 
| red phase M2 function. A circuit to achieve this result is shown in 
| Fig.12. 
red phase C2 The next article in this series will describe the 
analogue control section. 
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This article describes an analogue control system which 
has been developed for use with our Pulse-Width 
Modulation (PWM) variable speed drive for three-phase 
a.c. motors. The article is the fourth in a series, previous 
articles being listed in Refs.1, 2, and 3. Reference 1 gives 
a general introduction to our PWM drive system, Ref.2 
describes a specially developed inverter circuit, and 
Ref.3 describes an LSI circuit, type HEF4752V, 
developed specifically for signal generation in PWM drive 
systems. 

The three-phase a.c. motor is remarkable for its 
simplicity of construction. This simplicity is in contrast 
to the comparatively complex requirements of a control 
system for an a.c. motor operating under variable speed 
and load conditions. The features needed by such a 
system will be determined by three factors: the inherent 
operating characteristics common to all a.c. motors, the 
method of speed variation employed, and the particular 
control requirements needed by the motor user. The 
control system described in this article has been designed 
to meet the requirements of the majority of users, but 
without being excessively complex. Alternative system 
designs of greater or lesser refinement are of course 
possible. The detailed description of the design and 
operation of the analogue control system is preceded by 
a review of the operating characteristics of a.c. motors, 
and the relevant features of our PWM variable speed 
drive. 


THE A.C. MOTOR 


The three-phase a.c. induction (asynchronous) motor 
consists of a wound stator connected to a three-phase 
a.c. supply, and a squirrel-cage rotor with no external 
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connections. The stator currents produce a rotating 
magnetic flux, with a speed of rotation (synchronous 
speed) n, given by: 

f, 

n, = X 60 rev/min, (1) 
where f, is the stator supply frequency, and p is the 
number of pole-pairs in the stator. The rotating stator 
field induces an e.m.f. in the rotor conductors, and since 
the conductors are short-circuited, this results in rotor 
currents. Motor torque is produced by the interaction of 
the stator flux and the rotor currents, the torque contri- 
bution T of each rotor conductor being proportional to 
the product of the in-phase component of the rotor 
current and the air-gap flux; that is: 


T « I, cos6,¢, (2) 


where I, is the rotor current, cos@, the rotor power 
factor, and ¢ the air-gap flux per pole. 

In order that rotor currents may be induced, the 
rotor speed n, must be different from the synchronous 
speed. This speed difference is called slip, and is usually 
expressed as a fraction of the synchronous speed; that is: 

n, — Nn, 


s = : (3) 


ne 


The speed of the rotor relative to the stator field is 
(n, —n,), and the frequency of the rotor e.m.f., f,, is 
therefore given by: 


ny, — Ny 
i =| n ), 


f, = sfg. (4) 
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For constant flux, the magnitude of the rotor e.m-f., 
and therefore I,, is proportional to s, so that as load is 
added to an induction motor, additional torque is 
produced by an increase in fractional slip. Since the 
rotor impedance is low, a small increase in slip produces 
a large increase in rotor current, the full-load slip being 
typically 3 to 5%. When rotor current flows, there is a 
corresponding increase in stator current. 

Provided that the fractional slip is small, torque will 
increase with increasing slip. However, as the slip 
increases, the frequency of the rotor e.m.f. will increase 
(see Eq.4) so that rotor reactance will rise, together with 
the phase angle 6,. With increasing slip, the motor torque 
therefore reaches a maximum and then falls. This maxi- 
mum value is called the pull-out torque, and the motor 
will stall if this peak value is exceeded. Controlled opera- 
tion of the speed drive therefore requires that slip 
variations do not exceed the limit defined by the pull-out 
torque. 

The variation of torque with fractional slip for a 
typical squirrel-cage motor of the standard type is shown 
in Fig.1. This curve has been extended into the generator 
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mode, where the rotor speed is greater than the synchro- 
nous speed. In this region, the motor converts mechanical 
energy into electrical energy which is partially absorbed 
by the power converter system, or returned to the 
supply. The generator mode occurs when the load drives 
the motor at super-synchronous speeds, as in crane 
drives. It can also occur in a variable-frequency system 
when the supply frequency is rapidly reduced. 

Under direct-on-line starting conditions, the fractional 
slip is unity, so that the rotor frequency and reactance 
are both high. This implies a high motor current at a low. 
power factor so that the starting torque is low (see Eq.2). 
By increasing the rotor resistance, the power factor can 
be increased and starting torque improved (see Fig.1). 
However, under running conditions the motor will then 
operate at reduced efficiency due to high I? R losses. In 
practice, rotor design is a compromise between the needs 
of starting performance and efficiency, and while there 
are ways of reducing this conflict, such as the double- 
squirrel-cage design, starting performance remains a 
potential weakness of the induction motor when 


operated under constant-frequency conditions. 


M80-0011/1 


standard motor 


generator mode 


Fig.1 Variation of torque with slip for a standard squirrel-cage motor, and a motor with a high 
resistance rotor 
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PWM DRIVE FOR A.C. MOTORS provide this type of variable speed constant-torque 


From Eq.1 it can be seen that varying the input frequency operation. A block diagram of the system is shown in 
to the stator will result in a corresponding change in the Fig.3. The three-phase mains input is connected to the 
‘synchronous speed. Since under normal operating condi- bridge rectifier via an interference filter. The d.c. voltage 
tions the rotor speed is only a few percent less than the Vcy is smoothed by a capacitor input filter (a choke 
synchronous speed, this provides a method of input filter may be used for higher powers), and then 
continuously changing the motor speed. To maintain applied to the inverter. The outputs from the three 
constant fullJoad torque, the air-gap flux must be held phases of the inverter consist of sinewave-weighted 
constant, and this requires an applied voltage which pulse-width-modulated waveforms at the selected carrier 
must be varied in linear proportion to the input frequency; this gives sinusoidal motor currents with low 
frequency. The speed/torque characteristics for an harmonic content. The form of the inverter output 
induction motor operating under constant flux and waveforms is determined by the timing of the trigger 
variable frequency are shown in Fig.2. pulses, generated by the PWM IC, HEF4752V. This IC 


Our PWM drive system (see Ref.1) is designed to forms the central feature of the PWM drive system, and 
the analogue control section effects changes in the 


ceuccogiaia motor performance solely by varying the inputs to the 


torque IC. 
The operation of the IC is defined by a digital signal 


CW, which controls the direction of motor rotation, and 


SAA four clock inputs FCT, VCT, RCT, and OCT. The four 
Bea clock inputs have the following functions. 

@ FCT (Frequency Clock Trigger) . This determines the 

stator frequency, thereby controlling the motor speed. 


® VCT (Voltage Clock Trigger). This determines the 


speed stator frequency/voltage ratio. 
@ RCT (Reference Clock Trigger). This sets the inverter 
Fig.2 Induction motor speed/torque characteristics under maximum switching frequency. 
constant flux and variable input frequencies @ OCT (Output Clock Trigger). This sets the minimum 


pulse-width allowable. 
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Fig.3 PWM motor drive system 
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The clock inputs of FCT and VCT are determined by 
wide-frequency-range  voltage-controlled _ oscillators 
(VCOs), while the clock inputs of RCT and OCT are 
fixed for a given application, and can be controlled by 
VCOs or fixed oscillators. 

The analogue control section produces three outputs: 
the digital signal CW, and voltage reference signals Re cy 
and Rycy for the VCOs of FCT and VCT. There are six 
inputs to the analogue control section: three are feedback 
signals, and three are potentiometer settings. The three 
feedback signals are: a voltage V¢,, which is proportional 
to the voltage across the smoothing capacitor, the motor 
current signal Iy(,), sensed by a D.C. Current 
Transformer (DCCT) in the motor current lines, and a 
digital signal M/G, derived from the power rectifier/ 
filter circuit, indicating whether the motor is in the 
motor mode or generator mode. The potentiometer set- 
tings Vier, Increty» 224 Ven(ref) respectively set the 
motor speed, limit motor current in the motor mode, 
and limit the d.c. voltage in the generator mode. A fuller 
explanation of the function of the various input/output 
signals, is given in the next section. 


ANALOGUE CONTROL SECTION 


The analogue control section is designed to ensure safe 
and effective speed control under variable load and 
variable speed conditions. It provides the following 
facilities. 


© Bidirectional control of motor speed from zero up to 
twice nominal speed, with fast response. 
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Fig.4 Start/stop circuit 
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@ Adjustment of maximum motor current up to about 
140% of the nominal value. 

@ Adjustment of acceleration and deceleration time 
during motor speed variation. 

@ Limitation of motor current and voltage to protect 
the inverter, and to keep the motor operating within 
the specified slip range. 

@ Adjustable slip correction to improve speed regulation 
with load variation. 

@ Adjustable IR compensation to increase the starting 
torque. 

@ Protection circuits to ensure safe switch-on/switch-off 
performance. 


The control section can be subdivided into four separate, 
but interrelated, circuits: the start/stop circuit, the speed 
reference circuit, the current/voltage control circuit, and 
the IR-compensation circuit. Each of these four circuits 
will now be considered in turn. 


Start/stop circuit 


Strictly speaking, the start/stop circuit is peripheral to 
the analogue control section represented as a block in 
Fig.3. However, it provides a number of important func- 
tions essential to the safe operation of the drive system, 
and a brief description of its operation is therefore given. 
A block diagram showing the essential features of the 
start/stop circuit, and its position in the total drive 
system is shown in Fig.4. 

The circuit protects the system against adverse start/ 
stop conditions, and provides the reset signal for the 
PWMIC. After switch-on, the three-phase rectifier 
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charges the smoothing capacitor C, via a limiting resistor 
R,,, protecting the rectifier diodes against inrush currents. 
When Vé@,, exceeds 80% of its nominal value, the signal aenceetiis 
R, closes the relay which short-circuits R,. After a delay, 
determined by the action of a ramp generator, the PWM 
IC is reset. With the IC reset, the START signal goes 
HIGH, and the start procedure is complete. 

When the mains supplies are disconnected, the 
capacitor C, starts to discharge. When V@,, is at 80% of 
its nominal value, the STOP signal goes HIGH, inhibiting 
the inverter action. Below this level, the commutation 
currents of the inverter are too low for safe commutation 
of the motor currents. The STOP signal remains HIGH 
until C, has discharged. Figure 5 shows the various 
signals associated with the start/stop procedure. switch-on switch-off 


Speed reference circuit 


: Fig.5 Start/stop signal 
The rate at which the speed of a motor can be changed is a a 


limited by the inertia of motor and load, and the available 
motor torque. As the stator frequency is altered, there is 
an inevitable lag in the response of the rotor, resulting in 
an increase in slip. Unless some limitation is placed on 
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Fig.6 Speed reference circuit 
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the rate at which the stator frequency can change, the 
increase in slip can result in the pull-out torque being 
exceeded and the motor stalling. The speed reference 
circuit gives bidirectional speed variation together with 
control over the maximum rates of increase (acceleration 
control), and decrease (braking control) in the stator 
frequency. 

A simplified circuit diagram is shown at Fig.6. The 
motor speed is determined by the potentiometer setting 
Vier: This can be changed from —10 V to +10 V, chang- 
ing the motor speed from maximum clockwise to 
maximum counter-clockwise. The speed signal output 
Vy is derived from V,,- via a comparator IC,, and an 
integrator IC,¢ to give Vy = —kIV,.¢|. A stepwise varia- 
tion of V,.¢ results in a linear increase or decrease of the 
output signal Vy. The rate of variation of Vy can be 
adjusted via the accelerate/decelerate limiting potentio- 
meters P, and P3. The output Vy is grounded as long as 
the START input is low. The voltage output Rpcy, 
proportional to Vy, controls the frequency of the FCT 
clock, which in turn sets the inverter output frequency 
and hence determines the motor speed. The third output 
CW, controls the direction of rotation of the motor. 
InputsIy, and Ig; protect the inverter against overload 
conditions, while input Iy (2) gives improved speed 
regulation for large load variations. The action of these 
three inputs is considered in detail] under the discussion 
of the current and voltage control circuit. 


Circuit operation 


The influence of changes in input signals V,.¢ and 
START, on the output signals Vy and CW is shown in 
Fig.7. The features of the circuit operation which give 
rise to the results of Fig.7 are now considered. 

At ty START is LOW, V,¢¢ is positive, and CW is 
HIGH. The outputs of IC, and IC3 will therefore be 
HIGH, so that MOS switches S, and S, will be open and 
no reference signal is supplied to the comparator IC,. 
The output of IC,, will be low, so that MOS switch S; 
is closed and capacitor Cy short-circuited. The speed 
output signal Vx, is then zero. 

At t; START now goes HIGH, together with the 
output of IC,4, so that S3 is opened. The output of IC; 
goes LOW, S, is closed, and V,.¢ is supplied to the non- 
inverting input of comparator IC7. The output of IC; is 
positive and the integrator IC,¢ ramps to a negative 
value. The slope of the integrator output voltage is deter- 
mined by voltage V, , resistors Rg and R,;, and capacitor 


C4; that is: av - V, : 
dt C,(Ry +R) ) 
As described below, the value of V, can be limited by 


potentiometers P,; and P3 to give maximum rates of 
deceleration and acceleration respectively. 
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Fig.7 I!nput/output signals of the speed reference circuit 


At ty, Vier is increased and Vy ramps to a more 
negative value. 

At t3 the input voltage V,.-¢ is now reversed to a 
negative value, the output of IC, goes negative, voltage 
V, is negative, and the integrator IC,¢ begins to ramp 
up. This implies a decelerating motor. The change in sign 
of V,e¢ causes the reference polarity detector IC, to 
switch the output of IC; from HIGH to LOW. | 

At tg the output of IC,¢ now reaches a slightly posi- 
tive value, and the reference polarity detector IC, 
switches the output of IC, from LOW to HIGH. The 
flip-flop, IC,, and IC,,, now set via ICy, and the output 
of IC,, goes HIGH so that CW goes LOW. With the CW 
signal LOW, the output of IC; goes HIGH and S, is 
opened, and the output of IC, goes LOW and S, is 
closed. This transfers the V,,, signal from the non- 
inverting to the inverting input of IC,. This action 
ensures that the output of IC, is positive whenever the 
motor is accelerating, irrespective of the direction of 
rotation. The output Vy now ramps down to a value 
determined by the setting of V, of at t3. 

At ts, Vrer is set at zero, the output of IC, goes nega- 
tive, and Vy, ramps up to zero, bringing the motor to 
rest. 


Limitation of the rate of speed variation 


The maximum rate of speed variation is limited by 
controlling the maximum positive and negative values of 
V,. The maximum positive value V, (max) is determined 
by the setting of potentiometer P, and the inverting 
operational amplifier IC, ,; that is: 
V =—V Ri (6) 
x(max) p3 R 10 ’ 


where V,,3 is the voltage set by potentiometer P3. Simi- 
larly, the maximum negative value of V, is determined 
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by potentiometer P, and the inverting operational 
amplifier IC¢. 

Suppose that the motor is accelerating; V, will be 
positive. If V, exceeds Vy(maxy> then diode Dg will 
conduct clamping V, to Vx(max)- If Vx exceeds the 
preset maximum negative value while decelerating, then 
diode D, will conduct, clamping V, to the maximum 
negative value. In this way independent control of 
acceleration and deceleration is obtained. 


Current and voltage control circuit 


The purpose of this circuit is to provide the Iy,, IG,, 
and Iy(2) signals for the speed reference circuit. As 
explained above, I, and Ig, limit the motor current 
and applied voltage to below the maximum capacity of 
the inverter, while Iyj(2) provides a degree of speed 
stabilisation under large loads. The protection of the 
inverter is considered first. 


Inverter protection 


In considering the problem of inverter protection, it is 
necessary to examine the requirements of the motor and 
generator modes separately. 

In the motor mode, high motor currents will result if 
the required motor torque is too high, or the rate of 
acceleration is excessive. Both situations will give rise to 
high positive slip with correspondingly high currents. 
Motor current is controlled by reducing the synchronous 
speed so that the slip is also reduced. 

In the generator mode, high motor currents can arise 
under braking conditions, or when the load drives the 
motor. In both cases, the motor speed can exceed the 
synchronous speed, giving negative slip. If this negative 
slip value is high, motor current will become excessive. 
By increasing the synchronous speed the slip is reduced 
and the motor current brought under control. There is a 
further complication in the generator mode, since the 
design of the control section does not allow for the 
return of energy to the supply; instead, any energy 
generated by the motor is initially stored in the smooth- 
ing capacitor. Without some limitation on the rate at 
which energy is fed to this capacitor the applied voltage 
could exceed the voltage rating of the inverter. To ensure 
that this voltage does not exceed a preset maximum 
value, the circuit reduces the synchronous speed at a 
slow enough rate so that power generation is just com- 
pensated by the power losses of the inverter and motor. 
In practice, limiting braking torque in this way still 
provides a fast braking action, even with large load 
inertia. 

A circuit diagram is shown at Fig.8. The circuit has 
three input signals Iy(;), M/G and V@,. The output 
signals are Iyy,Ig, and Inj). Signal Iy_ is the current 


limiting signal in the motor mode, while Ig; is the 
current limiting signal in the generator mode. 

To reduce motor current in the motor mode, In is 
driven negative. Diode D, of Fig.6 then conducts, so that 
the negative value of Vy is reduced, thus the synchro- 
nous speed falls and the slip is reduced. For excessive 
motor current conditions in the generator mode, Ig, is 
driven positive. Diode De of Fig.6 then conducts, the 
negative value of Vy is increased, the synchronous speed 
rises, and the slip is again reduced. 

The switch between I; and Ig, is controlled by the 
input M/G. Signal M/G is LOW for the motor mode and 
HIGH for the generator mode. With M/G set LOW, the 
output of IC, (Fig.8) is HIGH. This clamps the output 
of IC; (Fig.8) negative, so that diode Dg (Fig.6) inhibits 
the I,, signal. With M/G HIGH, the output of IC, 
(Fig.8) is HIGH, keeping Iy, at a high level so that 
diode D, (Fig.6) inhibits the I,,, signal. 

The measured motor current signal Iy(4), sensed by 
the DCCT in the motor current lines, is amplified and 
filtered by IC, (Fig.8) and smoothed by capacitor C, to 
suppress the sampling ripple frequency of the measuring 
circuit. The output of IC,, signal 1,2), is then supplied 
to the current limiting control amplifier IC, , where it is 
compared with the current reference signal for the motor 
mode Iv (refy-This circuit works as a 3-term error ampli- 
fier with proportional-integral-derivative control action. 
The proportional gain of the circuit is given by Ryg/R,,- 
The crossover frequencies for the differential action are 
determined by the values of R,,, Ry, and C,, while the 
crossover frequencies for the integral action are given by 
Cg, Ry7, and R,g. The use of the differential network 
gives an optimal response for the current-limiting signal 
and prevents overshoot. By varying the setting of 
potentiometer Iy(pe¢y, the maximum motor current for 
the motor mode can be adjusted from 70% up to 140% 
of the nominal motor current. Current limiting below 
70% can cause instabilities, because the motor current 
cannot be decreased below the magnetising current. 

Control of motor current in the generator mode is 
achieved by supplying the Ij) signal to the second 
error amplifier IC,, where it is compared with the pre- 
adjusted reference signal IG(;ef). AS soon as Iy(2) 
exceeds IG ;ef), which sets the current limit level in the 
generating mode, the output of IC, goes negative. This 
signal is fed to a unity-gain inverting amplifier, IC,, and 
then the resulting positive signal I,, , is supplied to the 
speed reference circuit where it increases the synchronous 
speed, under current limit conditions in the generating 
mode. 

To limit the applied voltage in the generator mode, 
the negative V6, signal, which is proportional to the 
voltage across the smoothing capacitor, is supplied to a 
third error amplifier IC,, and compared with the adjust- 
able maximum reference value Vopiref)- For Vép 
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Fig.8 Current and voltage control circuit 
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greater than Vopcrer) the output signal P of IC, goes 
positive. This signal is supplied to the input of IC), 
where it effectively reduces the current reference level 
for the generator mode until the regenerative power is 
just equal to the power losses in the inverter and motor. 
The response of the current and voltage control circuit 
under variable speed conditions is shown in Fig.9. The 
lower trace of Fig.9b shows the change in synchronous 
speed following a stepwise variation in the V,.-. input of 
the speed reference circuit. It shows a fast speed 
response, with an acceleration time of 0.8 seconds, and a 
braking time of one second. The motor current is limited 
to a peak value of 8 A on acceleration, and to a peak 
value of 7A on braking (lower trace Fig.9a). The maxi- 
mum voltage on braking is 700 V (upper trace Fig.9a). 
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Fig.9 Current and voltage waveforms during speed change 
conditions 
(a) upper trace — supply voltage Vcp (100 V/division) 
lower trace — motor current Inq (5 A/division) 
(b) upper trace — DCCT output 1,q(4) (corresponds to Ip, of 
approximately 3.5 A/division) 

lower trace — synchronous speed (approximately 700 rev/min 

per division) 
time scale: 0.5 s/division 
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olup Correction 


Under increasing motor torque, the slip will increase, so 
that for a fixed synchronous speed the motor speed falls. 
The output of IC,, signal Iy(2), which is proportional 
to Iy, may be used to give improved speed regulation 
under variable load conditions. 

The Iv) signal is supplied to the noh-inverting 
input of IC, (Fig.6) where its effect is to make Vy more 
negative, thus giving a higher synchronous speed and in 
turn a higher motor speed. The degree of slip correction 
can be varied with potentiometer P, (Fig.6). 

The effectiveness of this technique of speed regulation 
is reduced for low-power standard asynchronous motors, 
where the magnetising current is a significant proportion 
of the load current. However, even with motors of this 
type, the speed deviation from the no-load to full-load 
condition can be reduced by 50 to 80%. 


IR — compensation 


With a variable frequency drive system, the motor is 
started at a low input frequency and then brought-up to 
the desired operating speed by a steady increase in 
frequency, and a motor voltage proportional to this 
frequency. In this way, the high motor currents, and low 
power factor associated with starting a fixed frequency 
system are avoided. However, the low input frequency 
will also result in a low applied motor voltage. 

At low frequencies the voltage drop across the stator 
resistance is, therefore, relatively large when compared 
with the applied voltage. These high IR losses will result 
in a low air-gap flux, and consequently a low starting 
torque. If a high starting torque is required, it can be 
achieved by increasing the applied voltage at low 
frequencies. 

The value of the applied voltage at a given input 
frequency is determined by the VCT clock input of the 
IC. Reducing the frequency of this clock will increase 
the applied voltage for a given input frequency, while 
increasing the clock frequency has the opposite effect. A 
full discussion of the relationship between the VCT 
clock and input frequency is given in Ref.3. The 
frequency of the VCT clock is determined by its voltage 
reference signal Rycy, so that IR-compensation requires 
the modification of Ry cy for low input frequencies. 

A circuit to obtain this modification is shown at 
Fig.10. The circuit has a single input, the negative speed 
signal Vy derived from the speed reference circuit, 
and a single output Rycy. For values of Vj which are 
less negative than the value given by: 

Ry 
Vn = Voi R; ’ (7) 


where V,, is the voltage set by potentiometer P,, the 
circuit decreases the negative value of Ryc7, while for 
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Fig.10 IR-compensation circuit 


values of Vj, which are more negative than the value 
defined by Eq.7, the output signal Ryy is adjusted by 
potentiometer P; to obtain the nominal rated motor 
voltage. Equation 7 therefore defines the region of IR- 
compensation. For Vy as given by Eq.7, the output of 
IC, is zero, while for less negative values the output of 
IC, becomes increasingly negative, driving the output of 
IC, and thus Rycy less negative. For more negative 
values, the output of IC, is blocked by diode D, . Within 
the region of IR-compensation, the influence of Vy on 
Rycr can be adjusted with potentiometer P,. Figure 11 
shows the effect of IR-compensation on the average 
applied voltage Vay, and illustrates the roles of the 
three potentiometers P, , P,, and P3. 


The next article in this series will describe the D.C. 
Current Transformer (DCCT), which is used to sense the 
motor current. 
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Four Standard Color Decoder with Picture Improvement 


Author: Klaus Juhnke 


The decoder concept presented here 
comprises a four standard decoder and 
a video combination. The concept can 
also be extended by means of a picture 
improvement circuit. 


A brief overview will first be given to 
clarify this arrangement. Figure 1 shows 
the block diagram of a complete color 
decoder from the CVBS interface up to 
the picture tube. There are switchable 
filters for separation of the luminance 
and chrominance signals from one an- 
other. Only one IC is necessary for the 
demodulation of four color standards. 


The output signals are the standard- 
independent color difference signals (B- 
Y) and (R-Y), i.e. U and V. The baseband 
signals (i.e. color difference signals and 
luminance signal Y) can either be direct- 
ly supplied to the video combination or 
they can be supplied via a signal proces- 
sor IC as shown here. 


The video combination comprises all 
functions for advanced video signal pro- 
cessing. The RGB output signals of the 
IC can be fed to the video final stages 
directly. 


The interface selected in this decoder 
concept, with the baseband signals as 
input signals of the video combination, 
also permits new circuit concepts to be 


introduced, e.g. the delay line which is 
required for PAL and SECAM can be 
realized with CCD lines. Picture improve- 
ment circuits with picture memories can 
also be added. 


The CTI IC which is incorporated in 
Figure 1 was likewise developed for this 


' interface. In this circuit two functions are 


integrated: a transient improvement for a 
better picture, and a Y delay line in 
gyrator technique to replace the previ- 
ously required wound line. 


In the past, multi-standard color decod- 
ers have been built up with a number of 
integrated circuits. Parallel working con- 
cepts are known, and also transcoder 
concepts specially for PAL and SECAM. 
The decoders of the various standards 
require circuit blocks of the same type; 
this applies in particular to the quadra- 
ture amplitude modulation standards 
(QAM standards) PAL and NTSC, but to 
a large extent also for the FM standard 
SECAM. An obvious approach for the 
integration of a multi-standard decoder 
on one chip is therefore to make use of 
as many circuit blocks as possible in 
common for the different standards, in 
order to minimize the components and 
thus also the crystal area required. Un- 
der the condition of automatic standard 
identification, as is already the state of 
the art for present MSD concepts, multi- 
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ple utilization of the circuit blocks can 
only be realized if automatic standard 
identification is effected by sequential 
standard scanning. A system of this kind 
gives the great advantage that the entire 
decoder including the filters can be de- 
signed in the optimum way for the indi- 
vidual standards. 


The MSD shown here as in the block 
diagram in Figure 2 works on this princi- 
ple and is designed for 4 standards: 
PAL, SECAM, NTSC and a second (ad- 
mittedly non-standard) NTSC with the 
PAL chrominance subcarrier frequency. 
This NTSC system has been introduced 
in the Near East due to American soft- 
ware and in Britain de facto. 


The IC incorporates a digital control unit 
in |@L technique, which switches the 
color decoder in the sequentially opti- 
mum way for the different standards. As 
long as there has been no identification 
of a color standard, the four possibie 
standards are scanned sequentially in 
the order PAL, SECAM, NTSC M and 
NTSC 4.4MHz. The activation time for 
each of the standards is four vertical 
periods (80ms). 


Investigations have shown that the time 
indicated in connection with suitable 
time constants for automatic chromi- 
nance control (ACC) and for standard 
identification gives a good compromise 
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Figure 1. Block Diagram Of A Color Decoder 
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between speed of "color on'' switching and 
noise elimination. 


Together with a "color on" switching delay 
circuit, which is likewise in digital technique 
and corresponds to the time of two vertical 
periods, ''color on'' switching is effected after 
360ms in the worst case. The switching 
voltages output by the IC are also used for 
switching on/over the external chrominance 
signal filters and crystals. 


The respective standard identification circuit 
checks whether the standard being scanned 
is present. If the standard is not identified in 
80ms, the next standard is scanned. Thus the 
search is carried out continuously when there 
is a monochrome signal. If a color standard is 
detected by the identification circuit, the two 
color difference signals are supplied to the 
outputs after the ''color on'' switching delay. 
In addition, the switching voltage supplied 
(which is 2.5V for the search, and is used for 
switching on the chrominance signal filters 
and also the crystals) is increased to 6V, so 
that a chrominance subcarrier trap in the 
luminance channel can also be switched on 
with a suitable circuit. 


A standard scanning start delay with a time of 
two vertical periods (40ms) is also incorporat- 
ed, so that in the event of disturbances such 
as transient failure of the chrominance signal 
e.g. due to fading, there is no immediate start 
of a new search with corresponding lengthen- 
ing of the color switch-off time. 


The pulses for scanning control and all other 
necessary pulses are derived from the sand- 
castle pulse. 


For extremely unfavorable signals there is 
also a manual ''standard forced switch-on" 


provided. The MSD can be fixed to one of the 
four color standards by feeding in a switching 
voltage of 210V, via the four switching 
voltage outputs. However the automatic color 
killer continues to operate. 


The identification circuits make use of syn- 
chronous demodulators. For PAL and SE- 
CAM the H/2 components of the burst sig- 
nals and of the fp frequencies on the back 
porch are evaluated, or also in the case of 
SECAM, evaluation is effected during the 
vertical blanking time. 


In order to provide definite distinction be- 
tween the NTSC color standard with PAL 
frequency and the PAL color standard, it is 
necessary to have two identification circuits 
working in parallel, one with and one without 
H/2 circuit. For this reason it is also neces- 
sary to have two pins for two identification 
capacitors. These identification signals are 
evaluated in a logic circuit in the standard 
control circuit. 


The ACC works for all color standards. With 
QAM signals it controls for constant burst 
signal amplitude. With the FM signal SECAM, 
the entire signal is used for generation of the 
control voltage. Amplitude measurement is 
effected by in-phase synchronous demodula- 
tion. The controlled chrominance signal is 
supplied in the case of the PAL standard 
directly, and in the case of the NTSC stan- 
dards, via a hue control circuit to the gated 
PLL circuit of the quartz oscillator. 


The quartz oscillator oscillates at twice the 
frequency of the chrominance subcarrier, in 
order to obtain in the known manner the 90° 
out-of-phase reference carriers for the de- 
modulators. The respective crystals for the 


standards oscillate in series resonance and 
are connected to the IC via external switching 
stages. 


The hue control circuit is in operation for the 
NTSC standard. A phase shift of +40° can 
be achieved with a DC control voltage. For 
the PAL and SECAM decoding it is necessary 
to have chrominance signals delayed by 
64us. The MSD is designed for a glass delay 
line, but can easily be adapted to color 
difference signal delay lines, e.g. in PCCD 
technique. 


Demodulators with external LC reference cir- 
cuits have been used for SECAM. 


After the demodulators, the harmon- 
ics — especially the second~of the chromi- 
nance subcarrier frequencies in the demodu- 
lated color difference signals are filtered in 
each case with three integrated RC elements. 


For the SECAM standard it is necessary to 
carry out color difference deemphasis and 
blanking for the two color difference signals 
after demodulation. 


The color switch-off stages are directly before 
the outputs. The color difference outputs are 
low-resistance emitter followers with internal 
current sources. Apart from a chrominance 
input signal, the MSD with the TDA 4550 only 
requires the sandcastle pulse and of course 
the operating voltage in order to supply the 
negative baseband color difference signals. 


The external circuitry required for the IC is 
minimal, and is included as periphery to the 
block diagram in Figure 3 with the exception 
of the standard-dependent filters. 
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Figure 2. Block Diagram Of The Multistandard Color Decoder For PAL, SECAM, NTSC (3.5MHz) And NTSC (4.4MHz) 
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The Multi-Standard Decoder IC has approxi- 
mately 1500 components on an area of 
14mm?, and requires a 28-pin package. 


The video combination IC incorporates all 
setting functions for color picture reproduc- 
tion. A black current stabilizing circuit is 


provided. This saves three tuning operations © 


and also automatically regulates operating 
point changes due to warming up after 
switch-on and to ageing. 


RGB signal inputs are provided for signal 
supply from RGB sources via the peri-televi- 
sion plug, e.g. from cameras or from internal 
teletext decoders. 


Figure 4 shows the block diagram of the input 
part of this IC. The two color difference 
signals -(R-Y) and —(B-Y) are fed in via 
capacitors and clamped in the input stages to 
reference values. After the saturation control 
stages, the -(G-Y) signal is generated with 
the (G-Y) matrix. These color difference sig- 
nals together with the Y-signal which is like- 
wise clamped in the input stage are convert- 
ed to the R, G and B signals in the R, G and B 
matrix. 


Switching stages, together with a switching 
matrix and a driver stage for the switching, 
permit the choice between the picture signals 
from the color difference and Y inputs or from 
the R, G, B inputs. When the R, G, B signals 
from the R, G, B inputs are selected, these 
are added to the black levels, which are 
simultaneously inserted. The switching times 
between blanking, insertion and changeover 
are about 50ns and are so small that there 


are no visible errors in the picture. If the RGB 
inputs are constantly connected, synchroni- 
zation with the other signals is not necessary. 
The signals also pass through the contrast 
and brightness control stages. A peak beam 
current limitation can be effected via an input 
to a threshold level switching circuit. The 
threshold level circuit then reduces the con- 
trast control voltage. Average beam current 
limitation is effected directly via the contrast 
control voltage, whereby under certain cir- 
cumstances the brightness control is also 
reduced via an internal diode. 


All the pulses required in the IC, and especial- 
ly for the black current stabilization which will 
be explained below, are derived from the 
sandcastle pulse. 


Signal processing is effected in parallel in 
three R, G, B channels and therefore the 
description and explanation will continue to 
be limited to the R channel. 


Figure 5 shows the functional block diagram 
of the black current stabilizer. The R signal is 
blanked out and a measuring pulse is inserted 
for the black current measurement. A subse- 
quent limiter stage prevents overdriving of the 
video final stages. A control stage is provided 
for white point adjustment, which can be 
effected by means of a DC setting voltage. 
There is an adding stage in which the voltage 
from the black current stabilization circuit is 
added to the R signal. The output stage of the 
IC can feed the video final stage directly. Its 
output voltage is supplied via a pnp measur- 
ing transistor to the cathode of the CRT. The 
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collector circuit includes a measuring resistor 
at which voltage drops occur at the respec- 
tive sequential measuring times; these are 
due on the one hand to any leakage currents 
which occur and on the other hand to dark 
current with leakage currents. These voltages 
are given to the IC. Following a buffer stage, 
the measurement voltage for the leakage 
currents is stored on the capacitor C._. Switch 
S_ is only closed at the time when the signal 
is blanked and no signal current can flow. 
During the black level measurement time a 
reference voltage of 0.5V is subtracted from 
the voltage to be measured and then com- 
pared in a comparator circuit with the stored 
voltage for the leakage currents. Switch Sq is 
only closed during the black measurement 
time and closes the control loop. Capacitor 
Cg stores the control voltage. 


A dark current of 10=myA is not too small for 
reliable evaluation and not too big, so that if it 
is in the right time position no disturbing 
effects are visible on the screen. 


Insertion of the measurement pulses and 
their evaluation is sequential; this means that 
from the measuring resistor through the mea- 
surement input and leakage current storage 
up to and including the comparator circuit 
these circuits only have to be realized once 
and are used for all three channels. 


Figure 6 shows the time positions of the 
various measurement pulse insertions and 
evaluations. The measurement pulses are 
after the vertical flyback pulse and are thus 
above the upper picture edge in the overscan. 
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Figure 3. Multistandard Color Decoder For PAL, SECAM, NTSC (3.5MHz) And NTSC (4.4MHz) 
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Figure 4. Front Part Of The Video Combination TDA3505 
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Figure 5. Function Block Diagram For The Dark Current Stabilization With The Video Comb. TDA3505 (R-channel) 
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Figure 6. Position Of The Measuring Lines Of The Video Combination TDA3505 


The R, G, B signals are blanked up to the 
inserted measurement pulses. The leakage 
current of all channels is measured in the line 
before the first measurement pulse. This is 
followed by the measurement pulses and 
their evaluation in the sequence red, green, 
biue. 


A comprehensive application diagram with 
‘the video combination TDA 3505 and the 
video final stages is shown in Figure 7. 


A complete Multi-Standard Decoder can be 
built up with the two IC's described above. A 
third IC, which can be interconnected in the 
color difference interface, can be used for 
color picture improvements by means of tran- 
sient improvement of the color difference 
signals. 


In Figure 8 the signal characteristics a) and b) 
show a transient in the Y and color difference 
signal. The rise time of the color difference 
signal is longer, corresponding to the smaller 
bandwidth. A delay line in the Y channel 
coordinates the centres of the transients as 
shown in Figure 8c. 


In deviation from the previous signal process- 
ing, with the Color Transient Improvement IC 
the color difference transient does not occur 
until the input signal transient is finished, but 
then it occurs with a steepness correspond- 
ing to that of the Y signal. The characteristic 
of this color difference signal is shown in 
Figure 8d. It is now clear that- as shown in 
Figure 8e — a correspondingly longer delay is 
necessary for the Y signal in order to achieve 
coincidence of the transients. 


Color signal transmissions, especially of test 
pictures coming via this CTI circuit, appear on 
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the screen with the same color definition as 
RGB transmissions. 


Figure 9 gives an explanation of the CTI 
function: the simplified circuits are shown on 
the left and the signals occuring at these are 
shown on the right. Part a shows a color 
difference input signal with a fast positive 
transient corresponding to the maximum 
bandwidth of the color difference signal. 


The subsequent negative signal characteris- 
tics is slower. In this circuit the input signal is 
supplied after an impedance transformer via a 
switch and a further impedance transformer 
to the output. A storage capacitor is connect- 
ed between the switch and the output imped- 
ance transformer, and is charged by the input 
impedance transformer in accordance with 
the signal characteristic. 


Processing of the switching signal is effected 
by differentiation of the color difference sig- 
nal, followed by full-wave rectification. Figure 
9b shows the signals obtained in this way, 
which are supplied to a comparator via a 
high-pass filter. A diode at the high-pass filter 
reduces the charge reversal time and thus 
the dead time for generation of a switching 
signal for transients following in rapid succes- 
sion. A comparator with threshold voltage 
generates a switching voltage as shown in 
Figure 9d from the signal of 9c when the 
threshold voltage is exceeded, and this trig- 
gers the switch. The switch is thus opened at 
the beginning of a transient and thus the 
voltage is maintained by the storage capaci- 
tor at the time before the transient. After 
completion of a fast transient the switch is 
closed and the capacitor's charge is changed 
in approx. 150ns to the voltage after the 

in approx. 150ns to the voltage after the 
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Figure 10 shows the entire block diagram with 
external circuitry of the CTI IC. 


The lower CTI section effects signal process- 
ing for the two color difference signals in 
parallel circuits, as already described. Only 
one switching signal forming stage is incorpo- 
rated, and this is triggered by the differentiat- 
ing stage of the two channels. Thus the signal 
switches will always work in parallel, so that 
transient improvement is also parallel in the 
two channels. 


The transient-improved color difference sig- 
nals require a longer Y signal delay line with a 
delay time of up to 1000ns, and this is 
additionally realized in this IC in gyrator tech- 
nique. 


A selection capability has been incorporated 
for the delay time, by means of a switching 
voltage, since the total required delay time is 
dependent on the overall television receiver 
concept. The delay line comprises a total of 
11 gyrator all-pass elements with a delay time 
of 90ns each, making a total of 990ns. The 
group delay and frequency behavior of the 
gyrator delay line is very good up to 5MHz. 


A switching stage permits optional by-pass of 
one, two or three of these elements, so that a 
minimum of 8x90ns = 720ns is effective. 
The transient improvement of the color differ- 
ence signal makes coincidence errors with 
respect to the Y signal especially visible. A 
slight increase in delay time by 45ns has | 
therefore been provided for fine tuning, work- 
ing via an IC pin to be connected to ground. 


A signal tapping is available before the last 
delay element for a further picture improve- 
ment capability by means of deflection modu- 
lation. 
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Figure 7. Application Diagram For The Video Combination TDA3505 And The Video Final Stages 
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Figure 8. Y-delay Time For CD-signals Without And With Transient Improvement 
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Figure 10. Block Diagram Of Picture Improvement IC TDA4560 
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Figure 11. Circuit Diagram For CT! And Y-gyrator Delay Line With TDA4560 
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[oanterequeney TS) 
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s: start of winding 
k: key of case 
x: cut of pin 


NOTES: 

1. Qu & QI measured without internal capacitor using Q-meter 

2. Above sample modified from Toko Sample No. 

3. (*) Indicates the data of customer's actual sample checked by Toko 
Chroma trap 2 x (4.4/3.5MHz) 


[Genter teaueney PSS 
24 


s: start of winding 
k: key of case 
x: cut of pin 


NOTES: 

1. Qu & QI measured without internal capacitor using Q-meter 

2. Above sample modified from Toko Sample No. 

3. (*) Indicates the data of customer's actual sample checked by Toko 
Chroma filter 2 x (PAL/NTSC) 


Figure 13. Coil Specs For MSD Fiiter 
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Figure 14. Coil Specs For MSD Filter 


September 1985 9-264 


Signetics Linear Products Application Note 


Four Standard Color Decoder With Picture Improvement AN155 


L10 BLUE DESIGN SPECIFICATIONS TOKO'S SPECIFICATIONS 


Tuning capacitance % (int)+ pF << O pF + % (int)+ 120pF (ext) 


a + % at + % at 


40 Mint % at 4.4MHz 80 Min % at 4.4MHz 


CONNECTION (BOTTOM VIEW) STAMP & STAMPING SIDE NUMBER | ss NUMBER OF TURNS | ss NUMBER OF TURNS 
x: cut of pin 


NOTES: 


1. Qu & QI measured without internal capacitor using Q-meter 

2. Above sample modified from Toko Sample No. 

3. (*) Indicates the data of customer's actual sample checked by Toko 
Glass delay line 

SECAM reference sig. 

SECAM reference ident 

Chroma trap SECAM 


s: start of winding 
k: key of case 


Figure 15. Coil Specs For MSD Filter 
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Figure 16. Block Diagram Of A Color Decoder With Baseband Signal Interface Using TDA4580 
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Author: H.J.S. Aben 


INTRODUCTION 

The 28-pin single chip decoder 
TDA3563 combines all the functions 
required for the identification and de- 
modulation of NTSC signals. 


Furthermore it contains a luminance am- 
plifier, a R.G.B. matrix and R.G.B. ampili- 
fiers which provide nominal output sig- 
nals Of 5.3Vpp. 


It also contains analog inputs for exter- 
nal R.G.B. data signals. Switching over 
from video handling to data insertion 
occurs via fast video-data switching, 
which allows inlay of data into the run- 
ning picture, without causing colored 
edges at the transients. So these inputs 
can be used for teletext, channel num- 
bering, T.V. games, etc. The output sig- 
nals are controlled by a peak white 
limiter, by means of an internal current 
sink on the contrast control voltage, 
which reduces the outputs when they 
tend to become too large. A description 
of the IC and its external circuitry is given 
in this report. 


CIRCUIT DESCRIPTION 

The block diagram of the TDA3563 is 
given in Figure 1. The internal circuitry 
connected directly to the pins will be 
discussed at the concerning subjects. 


The Luminance Signal 

(see Figure 2) 

The luminance channel is designed for 
luminance signals with negative-going 
sync pulses which should have a typical 
amplitude of 0.45V,, (peak white to 
sync). So the decoder can also be easily 
designed to accept external video sig- 
nals with an amplitude of 1Vpp (e.g. 
video recorder signals). The luminance 
signal is AC coupled to the luminance 
input (pin 10) where it is clamped to an 
internal reference voltage of about 
2.5Vpc. 


The input impedance is very high (input 
current typ. 0.15=mwaA) and the charging 
and discharging currents of the coupling 
capacitor are very small. Therefore a 1K 
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delay line circuit can be placed in front of 
it, without influencing the black level of 
the input signal noticeably (also see 
Figure 3). Additionally the coupling ca- 
pacitor can be small: 10nF. During 
clamping the input is very low-ohmic, 
which reduces noise and residual sig- 
nals. 


The clamping pulse is obtained from the 
upper part of the sandcastle pulse (pin 
8) and it operates only during the back 
porch of the video signal. In the lumi- 
nance contrast control stage the lumi- 
nance is gain controlled by a DC voltage 
from the lin-log converter of the contrast 
control voltage at pin 7. For a control 
range of 2.0 to 4.0V there exists a linear 
relationship between a voltage change 
at pin 7 and the gain of the luminance 
contrast control stage (see Figure 4a). 


The input impedance at this pin 7 is very 
high (maximum input current 15=mypA), 
so remote control circuitry can directly 
drive the contrast control without need 
for an impedance converter. (This also 
holds for the saturation and the bright- 
ness control inputs, resp. pins 6 and 11.) 


The total contrast range is in excess of 
20dB. At nominal contrast control volt- 
age (3.4Vpc) and nominal input signal of 
0.45V pp (including sync pulse) the output 
signals at the R.G.B. output pins (resp. 
pins 12, 14 and 16) are 5.3V,, (black to 
white). At maximum contrast control 
voltage (4Vpc) the output signals have 
an amplitude of +3dB, with respect to 
their nominal value. At minimum contrast 
control voltage (2.0Vpc) the output sig- 
nals still have an amplitude of minus 
17dB with regard to their nominal value 
(about 15% rest signal). This to avoid 
completely disappearing of the picture 
on the screen at mistuned front controls. 


if the voltage at pin 7 is below 1.2Voc 
(this is outside of the normal contrast 
control range) the output signals are 
completely suppressed (minus 40dB); 
also see Figure 4a. After contrast con- 
trol, the luminance signal is fed to the 
three matrix circuits. 
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The External Luminance Input 
Circuit (also see Figure 3) 

A composite video signal of 2.7Vpp is 
assumed with a low-ohmic source im- 
pedance: 

The video signal is fed to an 3.58MHz 
trap (L1C1) and a delay equalization 
circuit (L2C2). Because of the latter the 
attenuation of the 3.58MHz chroma sig- 
nal can be very high without causing 
group delay distortion into the luminance 
signal. Besides it has the additional ad- 
vantage of contour correction, which 
generates very sharp transients; see 
Figure 6. 

- the upper signal shows a 250kHz 
bar with a contour correction of 
about 10% 

- the lower signal is the 
corresponding sweep signal up to 
10MHz 


The extension of contour correction de- 
pends on the source impedance of the 
video signal (the original source imped- 
ance plus the value of resistor R1) and 
on the adjustment of L2. (If a cheaper 
3.58MHz trap or a comb filter is pre- 
ferred, the filters L1C1 and L2C2 can be 
replaced by it.) 


After trapping, the luminance signal is 
fed via a luminance delay line and a 
resistor network to a coupling capacitor 
of 10nF. 


* NOTE: If a video input signal of 1Vpp is 
used R2 can be omitted and R3 
should then have a value of 1 
Kohm without changing the rest 
of the input circuit. 


The Chrominance Signal 

(see Figures 3 And 7) 

Via C3 the composite video signal is fed 
to the 3.58MHz bandpass filter, consist- 
ing of L4, C4 and R4. The chrominance 
information then is fed via a coupling 
capacitor of 10nF to the chroma input 
(pin 3). The chrominance channel has 
an asymmetrical input and must be AC 
coupled; its amplitude should be be- 
tween 55 and 1100MVp, (which corre- 
sponds to 25 and 500mV>p) burst infor- 
mation of a 75% saturated color bar). It 


September 1985 


Signetics Linear Products 


Application Note 


Application of the N.1.S.cC. Decoder: TDA3563 


AN156 


may not exceed 1.1V,p, otherwise clipping of 
the input signal will occur. The chrominance 
signal is first fed to the gain control stage, 
which has a control range in excess of 30dB, 
controlled by the A.C.C. (Automatic Color 
Control) detector. After this the signal is fed 
to the gated saturation and contrast control 
stages. The contrast stage is directly coupled 
to the luminance contrast control, so that 
there is a good tracking between the lumi- 
nance and the chrominance contrast control. 
Typical tracking is within 1dB over a control 
range of 10dB, starting at maximum contrast. 


The saturation control stage is driven by a DC 
voltage of the lin-log converter of the satura- 
tion control voltage at pin 6. The control 
range is in excess of 50dB, which corre- 
sponds to a saturation control voltage of 2.0 
to 4.0Vpc; also see Figure 4b. 


To cancel the settings of saturation and 
contrast control during the burst information, 
the two control stages are set at maximum 
gain during flyback. Via an emitter follower 
the chrominance signal is fed to the chromi- 
nance output (pin 28). 


* NOTE: If a video signal of 1Vpp is used C4 
should have a value of xxpF and R4 
can be omitted. 


Via a capacitor of 220pF the chrominance 
output signal at pin 28 is fed to the demodula- 
tor input pin 21, where the chrominance 
signal is split up into two ways, the first going 
to the color demodulators and the second 
going to the chrominance reference circuit. 


The Chrominance Reference 


Circuit (see Figure 8) 

The chrominance signal at pin 21 is fed to a 
Miller integrator, which is biased via pin 23, 
where it is shifted over 90 degrees. Both the 
original incoming signal and the shifted signal 
are fed to a mixer circuit, which is controlled 
by the DC voltage of the hue control voltage 
at pin 25. 


The voltage range of the hue control at pin 25 
corresponds to a phase control; (see Figure 
5a). In this way the chrominance signal of the 
reference circuit is phase-controlled. A gain 
control circuit is required in the 90° phase 
shift circuitry to make the chrominance voit- 
age independent of the Hue setting. Its con- 
trol voltage is decoupled by the capacitor 
connected at pin 5. 


The Burst Phase Detector 

The burst phase detector consists of a syn- 
chronous detector, in which the phase con- 
trolled chrominance signal is demodulated by 
the (R-Y) reference signal, obtained from the 
divider-by-2 circuit of the reference oscillator. 
Via the low pass filter R5, C5 and C6 at pin 24 
the demodulated burst information is fed to 
the reference oscillator. In this way the refer- 


September 1985 


ence oscillator is locked to the hue controlled 
chrominance signal. 


The Reference Oscillator 

The 7.16MHz reference oscillator operates at 
twice the subcarrier frequency and is con- 
trolled by the burst phase detector, which is 
gated with the narrow part of the sandcastle 
pulse. As the burst phase detector has an 
asymmetrical output the oscillator can be 
adjusted by changing the voltage of the 
output (pin 24) via a high-ohmic resistor (R6). 
The capacitor in series with the X-tal (pin 26) 
should then have a fixed value. 


When pin 6 (saturation control) is connected 
to the positive supply line, the burst phase 
detector is biased in its nominal position and 
the color killer is overruled. in this position the 
reference oscillator can be adjusted (see 
chapter 3.1). 


By dividing the oscillator signals by a factor 2, 
two reference signals, with a mutual phase 
difference of 90 degrees are obtained. 


A.C.C. and Color Killing 

For the generation of the A.C.C. control 
voltage, the phase controlled burst informa- 
tion is synchronously demodulated in a sepa- 
rate A.C.C. detector. Because the burst infor- 
mation as well as the reference signals are 
phase controlled, there will be no mutual 
phase difference. In this way the demodu- 
lated burst amplitude information will be inde- 
pendent of hue settings. 


The output pulses of this detector are peak 
detected at pin 4 to control the gain of the 
chrominance amplifier, thus preventing 
blooming up of the color during weak signal 
reception, and fed to the A.C.C. gain control 
stage of the chrominance channel (also see 
Figure 7). To obtain information for the color 
killer, the output pulses of the A.C.C. detector 
are also detected by a sample and hold 
circuit, this output voltage is available at pin 2. 
For a decreasing burst information the control 
voltage also decreases until it reaches an 
internal fixed reference voltage of xxVoc; 
then the killer becomes active. At that mo- 
ment the demodulators are switched off and 
an internal current sink reduces the saturation 
control voltage to a low level (provided the 
source impedance of the external saturation 
control network is sufficiently high). Color 
switch-on can be delayed by proper choice of 
the time constant of the saturation setting 
circuit. Manual killing can be achieved by 
connecting pin 6 to ground. 


Reference Signals for the Demodulators 
(see Figure 9) 

The reference signal for the (B-Y) color de- 
modulator is directly achieved from the divi- 
der-by-two circuit. 


To obtain a flesh tone correction, the refer- 
ence signal for the (R-Y) color demodulator is 
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achieved by mixing the (R-Y) and (B-Y) refer- 
ence signals to a new (R-Y)* reference sig- 
nal. When pin 22 is left open there is a mutual 
phase relation of about 115 degrees between 
the (B-Y) and the (R-Y)* reference signal. If a 
DC voltage is connected to pin 22, this phase 
angle can be adjusted between 90° and 140° 
(see Figure 10). 


The Color Demodulators 

The incoming chrominance signal at pin 21 is 
also fed to the two demodulators. The refer- 
ence signals for the demodulators are hue 
controlled, so the chrominance output signals 
of the demodulators will also be hue con- 
trolled. 


Also for flesh tone correction the gain of the 
two demodulators is made identical. This 
means that the amount of (R-Y) information is 
increased by a factor 1.78. 


The output signals are fed to the R and B 
matrix circuits and to the (G-Y) matrix, where 
the (G-Y) signal is composed by: 

(G-Y) = -0.27(R-Y) -0.22(B-Y). 


This means that only the red information is 
increased. 


The Video Control Circuits 
(see Figure 11) 


The R.G.B. Matrices 

Because the three matrix and output circuits 
are identical, only the R-channel will be de- 
scribed. 


The luminance signal from the luminance 
contrast control stage and the color-differ- 
ence signal from the (R-Y) matrix are added 
in the matrix circuit. After this the signal is fed 
to the Video-Data switch. 


The Video-Data Switch 

This single chip NTSC decoder also has the 
facility for inserting analog external R.G.B. 
signals at resp. pins 13, 15 and 17. The black 
level of the inserted signals are equalized to 
the black level of the internal video signals. In 
this way there will be no mutual black level 
difference between the video and the insert- 
ed R.G.B. signals. For this purpose the exter- 
nal signals are AC coupled to the input pins 
and clamped during the upper part of the 
sandcastle pulse. The source impedance of 
the external signals should not exceed a 
value of 150 ohm to avoid any disturbance of 
black level during clamping. 


Switching-over from video handling to exter- 
nal data insertion is activated by means of the 
input signal at pin 9. If the voltage level at this 
Switch input pin 9 exceeds a DC level of 
0.9Vpc the internal R.G.B. signals, coming 
from the matrix circuits, are switched off and 
the external R.G.B. signals are inserted. Be- 
cause switching times are very short (within 
20nsec) also inlay of data into the running 
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picture, e.g. teletext information, channel 
numbering, is possible without causing col- 
ored edges at the transients of the inserted 
signals. For an output signal amplitude of 
nominal 5.3Vp,) the external input signal 
should have an amplitude of 1Vpp. 


Because the inserted signals are clamped by 
means of the sandcastle pulse, the external 
R.G.B. signals must be synchronous with the 
video input signal and the sandcastle pulse. 


Even if they are not inserted by means of the 
video-data switching signal at pin 9, the 
external signals at the input pins 13, 15 and 
17 must be synchronized. This is in order to 
avoid a disturbance of the control voltages at 
the storage capacitors at the pins 18, 19 and 
20, by large current surges, introduced by 
voltage steps in the external signals during 
clamping time. This effect would disturb the 
biack level of the output signals considerably 
and would be visible on the screen. If only 
video handling is wanted, the components at 
the switch and data inputs can be omitted. 


The Brightness Control 

After the Video-Data Switch the signal is 
amplified and fed to a black level clamp. The 
black level of the output signal is compared 
with an external reference voltage level (pin 
11) which is used for brightness setting, and 
the contro! voltage is stored in a capacitor 
that is connected to pin 20 (pins 19 and 18 for 
resp. G and B). The clamping pulse is derived 
from the small upper part of the sandcastle 
pulse at pin 8. 


The Peak White Limiter 

The maximum white level of the output sig- 
nals is 9.3Vpc. If one (or more) of the output 
signals tends to surpass this level, the output 
signal will be clipped to this maximum voltage 
level and at the same time the peak white 
limiter becomes active. It reduces the output 
signals via the contrast control by discharging 
the smoothing capacitor C7 at pin 7 via an 
internal current sink of about 5mA. As long as 
the output signal is too high, the current sink 
will be active. The time constant of decreas- 
ing the contrast setting voltage is determined 
by the internal discharging current of 5mA 
and by the value of the smoothing capacitor 
C7. The recovery time is determined by the 
source impedance of the resistor network at 
pin 7. The complete time constant of loading 
and unloading should be chosen so that the 
peak white limiting action will not become 
visible on the screen within one field period. 
When this time constant is too small, the 
contrast setting voltage will decrease too 
rapidly (e.g. within some line periods) and will 


NOTE: 
1. For alternative adjustment procedure, see Appen- 
dix Il. 


also recover too fast after the limiting action 
stops (depending on the picture contents). 
When this happens the complete action be- 
comes visible on the screen; if there is a 
white object on the screen (with too high 
amplitude), the complete video signal ampli- 
tude will be reduced rapidly and when the 
object ends, the video signal amplitude also 
increases very fast. This would result into 
horizontal bars of different brightness on the 
screen; the length and the number of bars 
depends on the video contents. 


Note: The peak white limiter will also be 
activated if the inserted R.G.B. signals 
become too large. However, these sig- 
nals are not contrast-controlled and 
cannot be reduced by the limiter. If the 
inserted signals are inlaid into a running 
picture, and the peak white limiter is 
activated by them, the R.G.B. signals 
will be clipped at 9.3Vpc, but the nor- 
mal video signal will disappear because 
the limiter will reduce the contrast- 
setting voltage completely. 


The Sandcastle Pulse Processor 
(see Figure 9) 


In the sandcastle pulse processor, the sand- 
castle pulse at pin 8 is separated into two 
timing pulses. The first pulse is separated at a 
voltage level of 1.5Vpc and will be used for 
gating in the chrominance channel (for the 
gated saturation and contrast amplifiers) and 
for blanking the R.G.B. output signals. During 
blanking a level of 2Voc is available at the 
outputs. 


The second timing pulse is separated at a 
voltage level of 7Vpc; this pulse is used for 
black level clamping and burst keying. There- 
fore, the upper part of the sandcastle pulse 
should start just after the horizontal synchro- 
nization pulse, to prevent black level clamp- 
ing during the sync. pulse. 


The Control Setting Circuits 

Figure 3 also shows the resistor networks 
that are used to make the control voltage 
ranges, for the several controls, out of a 
control range of 0 to Veuppiy. This means that 
all the front controls of the color receiver are 
standard from zero up to the supply voltage. 
Using such networks it is also possible to 
transform control voltage ranges from remote 
control systems to the required voltage 
ranges in an easy way. Also see Appendix 1. 


The contrast control voltage should also be 
controlled by the average beam current limit- 
er, which should become active if the average 
beam current exceeds a certain value. At that 
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moment the capacitor at pin 7 should be 
discharged via diode D1. 


The contrast and saturation contro! voltages 
can be overruled by service switches used for 
adjustment procedures. 


ALIGNMENT PROCEDURES 
Only four adjustments are required by the 
whole decoder: 
- the reference oscillator 
- the 3.58MHZz trap in the luminance 
channel 
~ the contour correction in the 
luminance channel 
- the 3.58MHz band pass in the 
chrominance channel 


The Reference Oscillator! 

For adjusting the frequency of the reference 

oscillator, the color information on the screen 

can be used without using any extra measur- 
ing instruments: 

1. apply a color bar signal. 

2. connect pin 6 (sat.) to the supply voltage; 
the oscillator is free-running now and the 
killer is set at unkilling. 

3. adjust R9 for minimum rolling of the 
colors on the screen. 

4. remove connection of pin 6 to supply 
voltage. 


The 3.58MHz Trap in the 


Luminance Channel 

1. apply a color bar signal. 

2. observe one of the output signals (pin 12, 
14 or 16) and adjust L1 for minimum 
subcarrier information. 


1. apply a plain color picture, e.g. red. 

2. put the saturation control to minimum so 
that the screen becomes grey. 

3. put contrast to maximum. 

4. put brightness to normal position. 

5. adjust L1 for minimum 3.58MHz interfer- 
ence on the screen. 


Contour Correction | 

1. apply a 250kHz bar luminance signal, 
with rise and fall times of about 90nsec. 

2. observe one of the output signals (pin 12, 
14 or 16) and adjust L2 for equal pre- and 
overshoots. (also see Figure 5) 


The 3.58MHz Band Pass in the 

Chrominance Channel 

1. apply a color bar signal. 

2. observe one of the output signals (pin 12, 
14 or 16) and adjust L4 for optimum step 
response. 
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Figure 1. The Block Diagram of the N.T.S.C. Decoder: TDA3563. 
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Figure 2. The Luminance Channel. 
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Figure 3. The Application Circuit Of The TDA3563. 
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Voe PIN 7 
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a. The Control Characteristic Of The Contrast Control. 


Voc PIN 6 
OP01110S 


b. The Control Characteristic Of The Saturation Control. 
Figure 4 
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a. The Control Characteristic Of The Brightness Control. 
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b. The Control Characteristic Of The Hue Control. 


Figure 5 
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Figure 6. The Contour Correction. 
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Figure 7. The Chrominance Channel. 
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Figure 8. The Chrominance Reference Circuits. 
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Figure 9. The Chrominance Reference Circuits (Continued). 
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Figure 10. The Control Characteristic Of The Phase Of The (R-Y) Reference Signal, (B-Y) Phase Is Equal To Zero. 
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Figure 11. The Video Control Circuits. 
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APPENDIX |: 

Conversion of a full swing control voltage 
range (from zero up to Veuppty) into a restrict- 
ed control voltage range Of Viow to Vhign: 


CONTROL 
QO VOLTAGE 
Viow TO Vitian 


70012408 


The resistors R;, Re and Ra, as a function of 
the source impedance R, of the network, are 
defined by the following formula: 


* first define a source impedance R, 


* Ry = xR 
1 Ve-Vu s 
Vs 
: Ro =—xR, 
Vi 
Vs 
* Rg = x Res 
Vu - Vi 


APPENDIX II 


Temporary Information, 
Concerning TDA3563 Versions 
Up to N6 


Alternative Adjustment 
Procedure for the Reference 
Oscillator of the TDA3563 


Using the normal frequency adjustment pro- 
cedure for the reference oscillator of the 
TDA3563, i.e. setting the saturation control 
voltage (pin 6) to 12 volt (unkilling and unlock- 
ing of the reference oscillator), and adjusting 


ADJUSTMENT PROCEDURE FOR THE REFERENCE OSCILLATOR 


OF THE TDA3565, N5. 
PIN 30-| 
10nF 


BC547 


PIN 8 
10K SANDCASTLE 


PULSE 


TC01260S 


1. Connect An Electronic Switch To Pin 3. 
(Removing the burst information) 


12V 


PIN 10-—~/A/A-—O PIN 2 
10K 


PIN 2: +10V 


PIN 4: +6V (VIA INTERNAL CIRCUIT) 


TC01270S 


2. Connect A Resistor Of 10 Kohm Between Pin 2 And 12V Supply Line. 
(Color killer off and ACC control to minimum) 


PIN 30-—-—— | __—0 Pin 21 


56-100pF 


TC01260S 


3. Connect A Capacitor of 56 to 100pF Between Pins 3 And 21. 
(Input signal at the demodulator input will be without any burst information) 


PIN 24 12V 


TC01280S 


4. Frequency Adjustment Of The Oscillator. 
(Adjust the potentiometer for minimum rolling of color bars at the TV screen) 


9-279 


the trimmer capacitor for minimum rolling of 
color bars on the TV screen, the adjustment 
is disturbed by an internal defect of the burst 
phase detector. 


If the reference frequency is adjusted in this 
way, it results into a frequency deviation of 
about 1kHz when removing the 12 volt con- 
nection at the saturation control input. So this 
frequency adjustment of the oscillator of the 
TDA3563, N6 cannot be used. 


Therefore an alternative adjustment proce- 
dure is developed: 

The X-tal has now a fixed capacitor of 12pF in 
series to ground, instead of the trimmer 
capacitor. The frequency adjustment is done 
via current injection into the burst phase 
detector (pin 24). 


The reference oscillator is made free running 
by removing the burst information out of the 
chrominance signal. 
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The necessity for television set manufacturers to reduce 
costs, provide more features, simplify tuning and incorporate 
remote control has led to a need for all-electronic digital 
tuning and control circuits. Naturally enough, component 
manufacturers would prefer to meet the need with a 
dedicated integrated system which they can make in large 
quantities. This however is impractical because it would not 
allow the set manufacturers to satisfy the widely varying 
requirements of the tv market. The most suitable system is 
therefore one controlled by a standard microcomputer 
(e.g. one from the MAB8400 family), so that the variants 
can be accommodated by software. The only additional 
components than then need to be separately integrated are 
those required for interfacing and for performing functions 
that cannot be handled by the microcomputer because of 
speed, voltage or power consumption considerations. To 
minimise costs and maximise performance however, the 
partitioning of the remaining functions and their allocation 
to various integrated circuits peripheral to the micro- 
computer must be carefully considered. 

Figure 1 illustrates the control and tuning functions in a 
basic tv set and shows how the circuitry is positioned 
within the cabinet. Some of the functions are concentrated 
around the microcomputer and mounted close to the front 
panel to reduce the cost of the wiring to the local keyboard 
and displays. The tuning and analogue controls are on the 
main chassis. The only link between the microcomputer 
and the main chassis is a 2-wire bidirectional I7C bus which 
allows the microcomputer to read tuning status and other 
information from the main chassis, and to write data 
regarding required frequency and analogue control settings 
to the main chassis. 

The foregoing considerations have led to the design of 
the SAB3035 integrated Computer Interface for Tuning 
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Fig.1 Basic tv contro! system 
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and Analogue Control (CITAC). The SAB3035 is an I?C 
bus-compatible microcomputer peripheral IC for digital 
frequency-locked loop (FLL) tuning and control of analogue 
functions associated with the tv picture and sound. As 
shown in block form in Fig.2, the IC incorporates a fre- 
quency synthesiser using the charge pump FLL principle 
and contains the following circuits: 


-- 15-bit frequency counter with a resolution of 50 kHz 
— charge pump and 30 V tuning-voltage amplifier 
— a.f.c. amplifier 


— logic circuitry for programming the currents from the 
charge pump and a.f.c. amplifier 


— four high-current band switches 


— four general purpose I/O ports for additional control 
functions 


— aone-pin crystal-controlled 4 MHz reference oscillator 
— receiving/transmitting logic for the 2-wire I?C bus 


— eight static DACs for control of analogue functions as- 
sociated with the picture and sound. 


16 
ace x 


FUNCTIONAL DESCRIPTION 
I°C bus 


The SAB3035 is microcomputer-controlled via an asyn- 
chronous, Inter-IC (I°C) bus. The bus is a two-wire, bi- 
directional serial interconnect which allows integrated 
circuits to communicate with each other and pass control 
and data from one IC to another. The communication 
commences after a start code incorporating an IC address 
and ceases on receipt of a stop code. Every byte of trans- 
mitted data must be acknowledged by the IC that receives 
it. Data to be read must be clocked out of the IC by the 
microcomputer. The address byte includes a control bit 
which defines the read/write mode. 


Frequency synthesis tuning system 


Figure 3 is the block diagram of the frequency synthesising 
system comprising a frequency-locked loop (FLL) and an 
external prescaler which divides the frequency of the 
voltage-controlled local-oscillator in the tv tuner by 64 or 
256. The tuning section comprises a 15-bit programmable 
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Fig.2 Block diagram of the SAB3035 
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Fig.3 Block diagram of the SAB3035 


frequency counter, a 15-bit tuning counter, tuning control 
and zero detection logic, a reference counter and a charge 
pump followed by a low-pass filter amplifier. 

Input FDIV accepts frequency-divided local-oscillator 
signals with a level of more than 100mV and a frequency 
of up to 16MHz. The frequency measurement period is 
defined by passing the internally amplified signal from 
FDIV through a gate which is controlled by the reference 
counter. The reference counter is driven by a crystal- 
controlled oscillator, the low-level output of which is 
almost free from high-order harmonics. This oscillator also 
generates the internal clock for the IC. Before starting the 
frequency measurement cycle, the 15-bits of data in the 
latch register, which represent the required local-oscillator 
frequency, are loaded into the frequency counter. Pulses 
from the prescaler then decrement the frequency counter 
for the duration of the measurement period. 

The contents of the frequency counter at the end of the 
measurement period indicate whether or not the frequency 
of the local-oscillator in the tuner is the same as the desired 
frequency which was preloaded into the frequency counter. 
If the frequency counter contents is zero after the measure- 
ment period, a flag (FLOCK), which can be read by the 
microcomputer serial bus, is set to indicate that the local- 
oscillator is correctly tuned. 
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A frequency counter contents of other than zero at the 
end of the measurement period indicates that the tuner 
local-oscillator frequency is either too high (contents below 
zero) or too low (contents above zero). If it is too high, an 
overflow flag which initiates the “tuning down” function is 
set. To generate the tuning voltage correction, the tuning 
counter is loaded with the remaining contents of the fre- 
quency counter at the end of the measurement period, and 
then decremented to zero by an internal clock. The duration 


of the pulse applied to the charge pump is proportional to 


the time taken to decrement the tuning counter to zero, 
and therefore also proportional to the tuning error. The fre- 
quency correction has a resolution of 50 kHz. 

The frequency measurement method of tuning used in 
the SAB3035 can also be easily combined with anologue 
a.f.c. to allow tracking of a drifting transmitter frequency 
within a limited range. The required tuning mode (with or 
without a.f.c.) is selected and controlled by software. By 
not testing some of the LSBs of the contents of the frequency 
counter, tune-in “windows” of +100kHz or +200kHz 
can be defined. The corresponding a.f.c. “windows” are 
+400 kHz or +800 kHz. The SAB3035 also contains the 
a.f.c. control logic and amplifier. To allow matching to a 
wide variety of tuners, the tuning loop gain and tuning 
speed can be adjusted over a wide range. To minimise sound- 
on picture, a “tuning hold” mode is selectable in which the 
charge pump and a.f.c. currents can be reduced when 
correct tuning has been achieved. 


Fig.4 Using some of the selectable charge pump currents for 
making 50 kHz tuning steps in the u.h.f. band 


decreasing frequency (top) 
increasing frequency (bottom) 
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Bandswitching 


The IC also incorporates four SOmA current sources with 
outputs at ports P10 to P13 for executing band switching 
instructions from the microcomputer. Bandswitching data 
is stored in the data output register. The supply voltage for 
the current sources is derived from a separate input (VCC2) 
and is therefore independent of the logic supply voltage 


(Vcc1). 


I/O ports 


There are four bidifectional ports P20 to P23 for additional 
control signals to or from the tv receiver. Typical examples 
of these additional controls are stereo/dual sound, search 
tuning and switching for external video sources. The output 
data for ports P20 to P23 is stored in the port data register. 


MICRO- +5V to+16V +33V 4+12V TUNER 
COMPUTER f Voc2 Vec3 Vcc 
C1 {band) 
\2C bus SCL SDA ai és | +64 | 
FDIV 
4MHz 
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1 2 3 4 = § 
i 
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DAC4 DAC6 


ANALOG OUTPUTS (0,6V to 10,5V) 


7 


28 27 26 25 24 23 22 21 20 19 18 17 #16 15 


SAB3035 


8 


dual 


sound 
stereo 


Input data must be present during the read cycle. Two of 
the inputs are edge-triggered. Each input signal transition is 
stored and can be read by the microcomputer via the serial 
data bus. The stored data is cleared after each read cycle. 


Analogue controls 


The SAB3035 includes eight static DACs for controlling 
analogue functions associated with the tv picture and sound 
(volume, tone, brightness, contrast, colour saturation etc,). 
External RC networks are not necessary to complete the 
D/A conversion. The control data for the DACs is derived 
from the serial data bus and stored in eight 6-bit latch 
registers. The output voltage range at DACO to DAC7 is 
0.5 V to 10.5 V and can be adjusted in 64 increments. 


VISION—I.F. 
9 10 it 12 13 = «#14 


VCR 
7291004 


switch 
stop 
search 


1/0 PORTS 


Fig.5 This typical example of the SAB3035 in a tv tuning and control system shows how the peripheral components 
have been reduced to three capacitors, a resistor and a 4 MHz crystal 
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FEATURES 

e Positive video input, capacitive 
coupled (source impedance 
< 20022) 


e Adaptive sync slicer at 50% of 
sync pulse amplitude 


e Internal vertical pulse separator 
with double-siope integrator 

e Outputstage for vertical sync 
pulse or composite sync 
depending on the load. Both are 
switched off by mute 


e ¢; phase control between H-sync 
and oscillator 


e Coincidence detector ¢3 for 
automatic time-constant 
switching, overruled by the VCR- 
switch 


H/COMP. SYNC 


OSCILLATOR vs SYNC 
loss of sync 


FLYBACK vs OSCILLATOR 
storage time variations: video shift 


COINCIDENCE DETECTOR 
fast/slow ¢; loop switch 
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@ Time-constant switch between 
two external time-constants or 
loop-gain switch both controlied 
by coincidence detector ¢3 

e ¢; gating pulse controlled by 
coincidence detector ¢3 

@ Mute circuit depending on TV 
transmitter identification 

© ¢2 phase control between line 
flyback and oscillator. The slicing 
leveis for ¢2 control and line 
blanking can be set separately 

e Burst keying and line blanking 
pulse generation, combined with 
clamping of field blanking pulse 
(triple-level sandcastle) 


FAST/SLOW 


Figure 1 
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e H-drive output with constant duty 
cycle inhibited by the protection 
circuit or the supply voltage 
detector 


e Detector for too low supply 
voltage 

@ Protection circuit switching off H- 
drive output continuously if input 
voltage is below 4V or higher 
than 8V 


e Line flyback control causing line- 
blanking level at sandcastle 
Output continuously in case of 
missing flyback pulse 


e Spot-suppressor controlled by 
the line flyback control 


HORIZONTAL 
DRIVE 


f 


BD01370S 
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SYNC SEPARATOR 

Adaptive sync separator to slice H-sync at 
50% and V-syne at 25% independent on 
sync-amplitude. This is to insure immunity 
against deteriorated sync impulses. The black 
level is stored on a capacitor which is fed to 
the positive video-signal (source impedance 
20022) into pin 11. The slicing level is de- 
tected internally and stored in a capacitor at 
pin 12. 


The internal vertical integrator has a delay of 
45us and is of the double-slope type to avoid 
jitter and to improve noise immunity. 


VERTICAL/COMPOSITE SYNC 

The output stage at pin 9 delivers a positive 
vertical pulse or a positive composite sync 
signal if the current drain is higher than 3mA. 


If no TV transmitter is detected, the output is 
switched to ground. The source impedance is 
low-ohmic. 


15KHZ VCO 

The VCO is a current controlled ramp oscilla- 
tor with 49s rise time and 15yus fall time. The 
timing capacitor is connected to pin 16; the 
control current has to be fed into pin 14. 


While adjusting fo, pin 12 should be connect- 
ed to ground. 


The oscillator generates the following signals 
(see timing diagram fig 2): 

= timing reference for 

- gating pulse for 

- reference pulse for video identification 

circuit and coincidence detector ¢3 
- burst keying pulse 
~ time reference for ¢o 


¢, PHASE CONTROL 

The phase control ¢, compares the ¢, timing 
reference of the VCO with the center of the 
H-sync signal and converts the time differ- 
ence into a proportional current at pin 17. 


The external low-pass filter at pin 17 deter- 
mines the time constant and the catching and 
tracking range of the VCO. 


If pin 18 is connected to the V+, the loop gain 
is increased 4 times as long as the oscillator 
is not locked in or pin 13 is connected to 
ground or V+ (VCR switch). 


If pin 18 is connected as shown in the circuit 
diagram, pin 18 has the same voltage as pin 
17 as long as the oscillator is not locked in or 
pin 13 is connected to ground. Due to this the 
"jong'' time constant connected from pin 18 
to ground, ground is electrically disconnected 
from pin 17. 
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If the oscillator is locked in and pin 13 not 
connected to ground, pin 18 switches to high 
impedance and thus the loop filter to the 
"long" time-constant. 


By switching loop gain or loop time-constant, 
the lock in condition of the oscillator is not 
disturbed. This enables a fast search tuning 
using the TV transmitter identification (mute) 
as a search stop. 


To increase noise immunity the phase detec- 
tor is inhibited during horizontal retrace and 
vertical retrace if the oscillator is locked in 
and pin 13 not connected to ground or V+. 


COINCIDENCE DETECTOR ¢3 
The coincidence circuit detects whether there 
is coincidence between the H-sync pulse and 
a 8us impulse generated by the VCO. The 
capacitor at pin 13 is discharged continuously 
by 8us current pulses of 50=mwA. If there is 
coincidence, the capacitor is additionally 
charged by H-sync pulses of 350=myA. 


If the voltage at pin 13 exceeds 3V, the loop 
gain is reduced and the loop time constant is 
switched to the ''long'’ value. 


If the voltage exceeds 4.5V, the phase detec- 
tor ¢; is gated to improve noise immunity. 


MUTE CIRCUIT 

The mute circuit detects whether there is 
coincidence between the H-sync impulse and 
a 8us impulse generated by the VCO. The 
capacitor at pin 12 is discharged during sync- 
pulses of 50=mwA and by 8ys current pulses 
of 50=mwA. If there is coincidence, the ca- 
pacitor is additionally charged by H-sync 
pulses of 450=mypA. 


If the voltage at pin 12 exceeds 4V, mute is 
released and the mute output at pin 7 is 
switched to high impedance. Although the 
coincidence detector ¢3 and the mute circuit 
act similarly, separate circuits have been 
chosen. This is to gain in design flexibility as 
far as the time constants are related and to 
keep the mute function alive independently 
on the VCR switch. 


og PHASE CONTROL 

The phase control ¢2 compares the center of 
the positive flyback pulse at pin 2 at a 
threshold of 3V with the ¢o timing reference. 
The time difference is converted into a pro- 
portional current at pin 3. Loop gain and time- 
constant are influenced by the external com- 
ponents at pin 3. The voltage at pin 3 in turn 
controls the phase shift. 


To achieve a small phase adjustment a small 
current may be injected into pin 3. 
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The aim of having two different thresholds at 
the flyback input is to determine the perfor- 
mance of the ¢o loop, e.g. a straight vertical 
center line, by the amplitude of the applied 
flyback pulse without affecting the blanking 
time. 


SUPER SANDCASTLE 
For burst keying and vertical and horizontal 
blanking there is a 3 level-pulse at pin 6. 


The burst keying part is driven from the VCO 
and is 4us wide. Due to its small tolerances in 
widths and phase it keys the burst very 
exactly and is suitable as black level clamping 
pulse. 


The blanking part is derived from the line 
flyback pulse at pin 2 at a threshold of 0.2V. If 
no flyback is applied to pin 2, there will be 
continuous blanking level superimposed by 
the burst keying pulse. 


The frame blanking part has to be fed in 
externally as a 2mA current. 


HORIZONTAL DRIVE 

The H-drive output is an open-collector out- 
put at pin 4. The output pulse has a constant 
aspect ratio of 45.3% off and 54.7% on 
dependent upon the line frequency. An inter- 
nal guard logic insures that there will be high 
level during flyback. The output is inhibited by 
the protection circuit also if the supply voltage 
is below 4V. In both cases the line flyback 
vanishes and by this the spot suppressor is 
activated. 


SPOT SUPPRESSOR 

The spot suppressor is an open collector 
output at pin 1. If no flyback impulses are 
detected at pin 2, the output switches to high 
impedance and remains there as long as the 
flyback pulses are missing even if the supply 
voltage vanishes during that time. 


PROTECTION CIRCUIT 

The protection circuit is activated if the volt- 
age at pin 8 exceeds 8V or decreases below 
4V. One of both thresholds may be used (as 
indicated in Figures 4a and b) to have X-ray 
protection or over-current protection. 


If activated, the H-drive is inhibited by this and 
the line flyback vanishes and in turn the spot 
suppressor is activated. 


The protection circuit is reset if the supply 
voltage decreases below 4V e.g. the set is 
switched off. 
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(INPUT X-RAY PROTECTION 
TC01350S 


Figure 4a. Input X-ray Protection 


V+ 


TC013608 


Figure 4b. Input Over Current Protection 
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Full-Page Display Using Television Components 


A full-page data-graphic display, with upwards of 5000 
characters on an upright screen, puts severe demands on 
deflection, resolution, and raster geometry(Ref.). To meet 
those demands it has been usual to specify expensive monitor 
tubes and deflection components designed expressly for the 
purpose. Now, however, that is no longer necessary. The 
laboratory prototype shown in the photo more than satisfies 
the usual specifications for full-page display, and it does so 
with parts mainly derived from normal television practice. 

The cathode-ray tube is a refinement of a black-and-white 
television tube, adapted to the requirements of data-graphic 
display. Its 38cm diagonal screen is capable of displaying 
10° pixels. The deflection assembly, though designed for 


Laboratory prototype full-page display. 110° deflection and push- 
through tube mounting afford generous styling latitude for a 
production version 
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the adapted tube, is constructed according to principles first 
developed for colour television. In addition, the line-driver, 
line-output, and picture-shift transformers are standard 
television parts, unaltered, as are the two integrated circuits 
used in the line and field timebase circuitry. 

The use of television-derived technology benefits not only 
the cost and reliability of the display but also its size. 
Thanks to the 110° deflection angle, the 38 cm tube occupies 
no more depth than a 31 cm tube with 90° deflection. This 
and its television-style push-through mounting afford the 
designer more than ordinary latitude in the styling of an 
attractive, slim-line enclosure for a production version of 
the display. 


PERFORMANCE SPECIFICATIONS 


Table 1 lists the main specifications. The line and field 
deflection frequencies given there are for a non-interlaced 
raster of 1066 lines, just over 1000 of which are displayed. 
Non-interlacing precludes jitter, and at the 60Hz field 
deflection frequency flicker is not a problem, even at the 
high brightness used with inverse video. Higher field fre- 
quencies may be used, as may an interlaced raster, but for 
thermal and other reasons the line deflection frequency 
should not exceed 64 kHz. 

The prototype shown in the photo incorporates the 
elements to the right of the dashed line in the block diagram 
(Fig.1). The amplifier to the left of the line is required for 
video inputs at lower than TTL level. The power supply 
used with the prototype was a mains-isolated switched-mode 
supply operating at 30kHz and stabilised against mains 
variations between 185 V and 225 V r.m.s. 
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The excellent raster geometry of the display is due 
largely to the AT1039/00 deflection unit. Both the line and 
field deflection coils are saddle-type and are wound by the 
pin-indexed method in which each coil is divided into groups 
of turns that can be positioned to close tolerances. Since its 
introduction more than ten years ago to solve some of the 
electron-optical problems peculiar to 110° colour television, 
pin-indexed winding has gained wide acceptance and has 
opened the way to a number of improvements in deflection 
coil design. The AT1039/00 embodies one of the latest of 
these: ‘flangeless’ winding, in which the narrow end of each 
coil is not bent up into the usual flange but lies flat along 
the neck of the tube and is enclosed by the ferrite ring. The 
shape of the coils permits even closer control of their turns 
distribution, and their total enclosure by the ferrite ring 
prevents radiation of line and field frequencies. In a data- 
graphic display it also prevents ringing effects and the 
vertical bars that are often seen when a white page is 
displayed. 

The electrical characteristics of the AT1039/00 coils are: 
line deflection coil (parallel connected) 


L=0.23 mH R= 0.48 2 

I =6.18 A for edge-to-edge scan at 17kV e.h.t. 
field deflection coil (series connected) 

L=9.1 mH R= 10.12 

I = 1.3 A for edge-to-edge scan at 17kV e.h.t. 


VIDEO 
PREAMPLIFIER 
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sync © 


TTL ne 
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line I | 

| 

! 


inputs 


sync 


105 V/330mA 


12V/90mA 


" POWER 
~~ SUPPLY 


DRIVER 


LINE OSCILLATOR 


SYNC SEPARATOR 
TDA2593 


Built-in adjustable permanent magnets correct residual 
raster errors. No raster correction circuitry is required. 

The AT1039/00 is for displays with upright page presen- 
tation. A unit with equivalent characteristics for horizontal 
page presentation is the AT1039/01; owing to the longer 
line scan, the line frequency with this unit is limited to about 
32 kHz. 


TABLE 1 
Brief specification of the display 
cathode-ray tube M38-328 
deflection unit AT1039/00 
line deflection frequency 64 kHz 
line flyback time 3 ws 
field deflection frequency 60 Hz 
field flyback time 0.6 ms 
e.h.t. voltage 17 kV 
line linearity error < 3% 
field linearity error < 3% 
raster size variation (‘breathing’) for 0 to 100 uA 
beam current variation 1% 
video bandwidth at 30 V input 60 MHz 


sync inputs positive-going composite sync 


or separate line and field sync 


at TTL level 
supply 330 mA at 105 V 
90mA at 12V 
VIDEO 
OUTPUT 
eh.t. 17 kV 
47V | 
AT1039/00 


M38-—328 


LINE OUTPUT 
STAGE 
FIELD FOCUS 
7284992 


TDA2653A 


Fig.1 The photographed prototype includes the elements to the right of the dashed line 
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LINE OSCILLATOR AND LINE DRIVER 


The TDA2593 in Fig.2 is a television IC that combines the 
functions of coincidence detector, sync separator, and line 
oscillator. Some functions provided for television are not 
used: for instance, a phase comparison loop for synchro- 
nising the oscillator voltage with the flyback pulse; the 
storage time of the line output transistor is sufficiently 
stable that there is no significant raster drift with respect to 
the video information during warm-up. 

The AT4043/87 transformer that couples the line driver 
transistor to the line output stage is also a standard television 


TABLE 2 
Line driver stage operating conditions 


supply voltage 105 V 
supply current 40 mA 
transformer voltage 63 V 
transformer voltage ripple 3V 
peak collector voltage 150 V 
peak collector current 120 mA 


TTL 
field sync 


TTL 


line sync ws 


750 


comp . 
sync 


A 
field time base 
(Fig. 5) 


TDA2593 


part, chosen for the tight coupling between its windings. To 
minimise the effects of outside interference, particularly 
picture-tube flashover, the line driver is placed as close as 
possible to the line output transistor on the printed wiring 
board. 


LINE OUTPUT STAGE 


The line output stage (Fig.3) uses a parallel efficiency diode, 
as in television practice, with a 2.2nF capacitor in parallel 
with the diode to give 3 us flyback time. The small leakage 
inductance of the line driver transformer, aided by the 
speed-up capacitor and resistor in the base circuit, ensures 
suitable storage and zener times for correct turn-off of the 
transistor; the base-emitter resistor damps ringing of the base 
drive waveform. 

The 220nF capacitor in series with the AT1039/00 line 
deflection coil provides S correction. The AT4043/29 shift 
transformer and the potentiometer associated with it enable 
the raster to be centred laterally; the direction of shift can 
be reversed by reversing the connection of the flying lead 
shown dotted in the drawing. Since at the 64 kHz line fre- 


12V 105 V 


AT4043/87 B 
(Fig. 3) 


7284988 Y 


Fig.2 Line oscillator and line driver 
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quency the resistance of the deflection coil is negligible 
compared with its impedance, no asymmetric ‘linearity 
correction is required. Figure 4 shows the line-scan linearity. 

Like a television receiver, the display obtains its e.h.t. 
and housekeeping voltages from a transformer driven by the 
line output stage. It is a type AT2076/53 ‘diode split’ trans- 
former intended for large-screen colour sets with 25 kV 
e.h.t. and 15.625 kHz line frequency. Although working 
here at slightly more than four times that frequency, it is 
quite capable of supplying 17kV at the lower current re- 
quired by the smaller, single-gun tube. Because of the very 
tight coupling between its primary and e.h.t. windings, the 
AT2076/53 can operate over a wide frequency range 
without distorting the line-scan waveforms. A harmonically 
tuned line output transformer, as used in some television 
receivers, would not be suitable. 


BYVOGE (4) 


105V 


BU426A a) 


8 ‘@ 
(Fig, 2) a ma 
102 — 
a7 


Fig.14 Line output stage. The convenience of 
obtaining line scan, e.h.t., and housekeeping 
voltages from a single component compensates 
for the space taken up by the transformer 
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The e.h.t. winding is in three layers connected by built- 
in diodes. The cable connecting it to the picture-tube anode 
incorporates a bleeder resistor to prevent raster width varia- 
tion (‘breathing’) at low beam current. 

Other windings supply 26 V for the field timebase, 47 V 
for the video amplifier, and —140V for brightness (grid 1) 
and focus (grid 3) control potentiometers. Three turns of 
insulated wire on the core limb opposite the primary 
winding supply the heater. 

The grid 2 potential is obtained by peak rectification of 
the line output transistor collector voltage. To ensure the 
best possible resolution, the maximum allowable grid 2 to 
grid 1 voltage is used: 700 V. The upper end of the voltage 
divider containing the focus control potentiometer is also 
connected to this voltage to provide for positive as well as 
negative control voltages. 


c 
(Fig. 6) 
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TABLE 3 
Line output stage operating conditions 

supply voltage 105 V 
supply current 290 mA 
supply voltage ripple, 64 kHz 1V 

100 Hz 0.1 V 
peak collector current 3.2A 
peak collector voltage 720 V 
base current at end of scan 0.6A 
reverse base-emitter voltage 3V 
deflection coil current, peak-to-peak 6A 
scan-width/screen-width ratio 87 % 


linearity 
deviation 
(%) 


Fig.4 Line-scan linearity 
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FIELD TIMEBASE AND WAVE-SHAPING 
CIRCUIT 


The TDA2653A field timebase circuit (Fig.5) is another 
television IC. It can accept separate sync pulses at TTL level 
or pulses obtained from a composite sync input by the sync 
separator of the TDA2593 in the line oscillator circuit. For 
interlaced operation, separate line and field sync pulses are 
recommended. 

The TDA2653A has a class B output stage and thermal 
and short-circuit protection. 

The wave-shaping circuit integrates the sawtooth voltage 
across the feedback resistor R to produce a positive-going 
field-frequency parabola for dynamic focus. 


TABLE 4 
Field timebase operating conditions 
supply voltage 26 V 
supply current 232 mA 
deflection coil current, p-p 1.25 A 
flyback time 0.6 ms 
pin 5 voltage 25 V 
pin 5 voltage ripple 2V 


line output dynamic 
transformer focus 
F, (Fig. 7) 
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Fig.5 Field timebase and wave-shaping circuit 
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Fig.6 Field-scan linearity 


VIDEO AMPLIFIER AND DYNAMIC FOCUS 


The video amplifier (Fig.6) requires an input of about 4V 
for a maximum output of 30V. The small load resistance 
and peaking coil in the output transistor collector circuit, 
together with some compensation in the emitter circuit, 
ensure a bandwidth of 60 MHz. No provision is made for 
blanking; if it is required, it can be introduced in the logic 
circuits, as part of the video information. 

Although the design of the deflection coils minimises 
deflection defocusing, there is some residual error. To correct 
it, line and field-frequency parabolas of about 250 V each 
are superimposed on the grid 4 focus voltage. The dynamic 
focus circuit uses two transistors in series to accommodate 
the 500 V excursion that occurs when the field-frequency 
parabola is maximum. Because the tube has a unipotential 
electron gun, the focus characteristic is fairly flat and it is 
unnecessary to provide for separate adjustment of the 
dynamic focus. 


0 
Cc 
(Fig. 3) 


focus 


10 nF 


E 
line freq? 
(Fig, 3) 


F brightness 
field freq. (Fig. 3) 


(Fig, 5) 
DYNAMIC FOCUS 


TABLE 5 
Dynamic focus operating conditions 
supply voltage 730 V 
supply current 3.2 mA 
input voltage, line frequency, p-p 5V 
input voltage, field frequency, p-p SV 
output voltage, line frequency, p-p 250 V 
output voltage, field frequency, p-p 250 V 


CONSTRUCTION 


Complete details of construction, setting up, and adjustment, 
together with a parts list and oscillograms of waveforms at 
all significant points, are available as a separate publication: 
Technical Publication M81-0084 from Mullard Ltd., Mit- 
cham, England; or Technical Publication 026 from N.V. 
Philips’, Electronic Components and Materials Division, 
Eindhoven, The Netherlands. 
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A Very-High-Resolution Monochrome Data 


and Graphics Display Unit 


INTRODUCTION 

The Data and Graphics Display (DGD) unit 
(also referred to as a VDU) is for specialist 
applications such as communications, 
medicine, and printing. Its uses include 
facsimile, phototypesetting, CAD graphics, 
and full-page word processor systems. It 
consists of a very-high-resolution CRT 
paired with precision deflection coils and 
all the associated display circuitry, as 
shown in Figure 1. 


The picture tube/deflection coil combina- 
tion, type M38-201, provides a high-quality 
display. Resolutions in excess of 3000 lines 
can be achieved with remarkably little 
deflection defocusing at the screen 
corners. The accurate geometry of the 
display is produced automatically without 
any need for external field shaping 
magnets. The small deflection angle (70°) 
requires modest scanning power. This 
allows operation at the high scanning fre- 
quencies necessary to fully utilize the 
resolution capabilities of the tube with a 
complete absence of flicker. 


The monitor described is merely one 
example of the many possible applications 


of the M38-201 picture tube/deflection coil 
combination. It operates at a line fre- 
quency of 125 kHz, a field frequency of 
100 Hz, a video dot rate of 288 Mbits, and a 
100 MHz video bandwidth. Interlaced or 
non-interlaced operation is possible. When 
interlaced, it can display 1728 pixels per 
line and 2300 lines, thus meeting the 
CCITT Group Ill standard for digital fac- 
simile. As such it offers a display capability 
of 4 million pixels or a minimum of 8000 
complex characters (including Roman and 
subscripted) in full detail. Various display 
formats may be used. One example is a 
display of moderate character density with 
a large number of pixels per character. 
This allows the production of letter fonts 
as used in the printing industry and covers 
the requirements of various languages, 
special signs, and mathematical symbols. 


Conventional techniques are used in the 
monitor design. Both line scan and e.h.t. 
are derived from a diode-split transformer, 
type AT2076/54. The line deflection coils 
are connected in parallel and directly 
driven. 


OND te 
bud ot w 


vay 
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Figure 1. C52 DGD Unit 
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Dynamic focus, to provide optimum focus 
over the whole raster, is applied in both 
the line and field directions. E.H.T. regula- 
tion and minimum picture breathing 
(change in picture width with beam cur- 
rent) are ensured by modulating the 
flyback time with changes in picture tube 
beam current. 


The unit will accept ECL level video input 
and separate positive-going line and field 
sync at TTL levels. It requires 5 V and 118 
V stabilized d.c. supplies and has a total 
power consumption of 52 W. 


Note: e.h.t stands for extreme hadute- 
tension, or extreme high voltage. 


GENERAL DESCRIPTION 

A block diagram of the DGD is shown in 
Figure 2. The circuit diagram is shown in 
Figure 3. 


Picture Tube and Coils 

The norma! DGD requirements of good 
raster geometry with minimal loss of dis- 
play quality between the screen center and 
corners are even more important in high- 
definition systems. To ensure a display 
offering the best possible presentation of 
information over the whole screen, the unit 
uses the very-high-quality, purpose- 
designed picture tube/deflection coil 
combination M38-201. This consists of the 
picture tube, type M38-200, and deflection 
coils, type AT1991. 


The M38-200 picture tube has a 70° 
deflection angle and contains a bi- 
potential electron gun requiring a focus 
voltage of around 6 kV and an 800 V grid 2 
potential; it is capable of resolving more 
than 3000 lines. It is available in a variety of 
phosphors including the WA type which 
gives a warmer white than the standard 
monochrome TV W phosphor and is con- 
sidered more suitable for data display 
applications. 


a 


The AT1991 deflection coils give excellent 
deflection performance and raster geome- 
try with no need for external raster 
correction. Terminations for each coil are 
brought out separately to allow for either 
series or parallel connections. The active 
dynamic focus circuit applies parabolic 
correction in both the line and field direc- 
tions, and gives precise focus over the 
whole raster. 
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Figure 2. DGD Unit Block Diagram 


Line Circuitry 

The line output stage consists of trans- 
former T1, type AT2076/54, transistor TR3 
and parallel efficiency diode D2. The line 
drive is provided by transistor TR2 and 
driver transformer T4, type AT4043/87. 
Frequency synthesiser IC, type HEF4750, 
is used as line oscillator and coincidence 
detector. 


Both line scanning and e.h.t. are provided 
by a diode-split line output transformer, 
Ti. Although it has tight overwind-to- 
primary coupling it must be harmonically 
tuned. This is due to the very high operat- 
ing frequency (and hence short flyback 
time) of the unit, and is accomplished by a 
small adjustable inductor, L1 in series with 
the h.t. supply. Transformer T1 also pro- 
vides all the picture tube supply 
requirements and the h.t. for both the 
video and field output stages. 


The line drive is supplied via transformer 
T4, which together with the speed-up 
capacitor C18 and its parallel resistor R23 
provide the short storage and adequate 
zener times necessary to turn off the line 
output transistor TR3. Any ringing of the 
base drive waveforms, which might other- 
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wise cause spurious turn-on, is damped by 
base-emitter resistor R23. 


For systems operating at these very high 
line frequencies and data rates, the line 
phase jitter must be much less than 1 pixel 
duration. To meet-this requirement, fre- 
quency synthesiser IC, type HEF4750 is 
used with an LC-tuned voltage-controlled 
oscillator. This IC contains a phase modu- 
lator, which is used for phase detection, 
with an adjustment for fine phase control. 
Phase comparison is made between the 
leading edges of the line flyback and line 
sync pulses. In the design shown, sync 
and blanking pulses are coincident but dif- 


ferent phase positions can be 


accomodated by using a different value of 
integrating resistor R18. 


Dynamic Focus 

Parabolic dynamic focus is applied in both 
the line and field directions. The input for 
the line dynamic focus is taken directly 
from across S-correction capacitor, C29. 
For field frequencies, a parabolic wave- 
form is obtained by integrating the saw- 
tooth waveform across resistor R57. The 
same amplifier is used for both 
frequencies. 
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E.H.T. Stabilization 

In displays containing large areas of both 
high and low beam currents, for example a 
white block in the center of a black raster, 
e.h.t. stabilization is particularly important. 
Any e.h.t. ‘sagging’ would produce a grad- 
ual change in the width of the displayed 
block. 


To prevent this e.h.t. sagging and to obtain 
minimum picture breathing, an e.h.t. stabil- 
ization circuit is provided. The saturable 
transformer T2 is placed in parallel with 
the line deflection coil, its inductance 
being controlled by the picture-tube beam 
current. An increase in beam current pro- 
duces a reduction in the inductance of T2 
and a corresponding reduction in the fly- 
back time. The increase in e.h.t., produced 
by the flyback time reduction, compen- 
sates for e.h.t. sagging due to the internal 
impedance of the e.h.t. generator. This 
provides an internal e.h.t. impedance of 
about 200 kf. 


Field Timebase 

All the field timebase functions are per- 
formed by the TDA2653A IC and _ its 
associated peripheral networks. This IC 
contains a class B output stage, incorpo- 
rating thermal and short-circuit protection, 
which drives the AT1991 series-connected 
field coils. A field blanking pulse is availa- 
ble for screen-burn protection. The IC is 
contained in a 13-lead DIL plastic power 
encapsulation, SOT-141, which offers 
straightforward heatsinking. 


Video Amplifier 

The large number of displayed pixels and 
the high refresh rate needed to avoid pic- 
ture flicker, mean that video dot rates in 
excess of 200 MHz are required. This is 
conveniently provided by an ECL logic 
unit “scanning” the contents of a semicon- 
ductor page memory. Thus, an ECL line 
receiver at the video amplifier input is used 
as an interface. The basic output stage 
consists of a long-tailed pair, using 
medium-power u.h.f. transistors TR11 and 
TR12, driven by the complementary out- 
puts of the ECL device. To simplify the 
interface between the video amplifier out- 
put and the CRT cathode, the whole video 
amplifier is mounted directly on the tube 
base. 


General Considerations 

Picture-tube flashover protection for the 
circuitry is included. Spark gaps for all 
picture-tube pins are provided, and ail are 
returned to a single point which is, in turn, 
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connected to the outside aguadag layer of 
the tube and the common earth point of 
the unit. 


To achieve a satisfactory stable display 
with good linearity and no undesirable 
modulation, well recognized procedures 
should be adopted with regard to printed- 
circuit board layout. It is essential that 
each individual circuit block has its own 
grounding system connected to a central 
point on the main printed-circuit board 
which is, in turn, connected to the chassis. 
Circuit layout within the individual blocks 
may also be critical. For this reason 
printed-circuit cards and overlay diagrams 
are available for this design. 


Table 1. DGD Unit Specifications 


Picture tube 

Deflection coils 
Character display 

Line frequency interlaced 
Line flyback 

Field frequency 

Field flyback 

E.H.T. 

Line linearity 

Field linearity 

Raster breathing (0-100 uA) 
Video rise time 


Input signals 


Power input 
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M38-200 15 in, 70° 
AT1991 

4 X 108 pixels 

125 kHz 

1.6 ys 

100 Hz 

0.6 ms 

18 kV 

better than 3% 
better than 3% 
better than 1% 
<3.5 ns at 30 V pk-pk 


positive-going line sync at TTL level, 
positive-going field sync at TTL level, 
video at ECL level 


52 W total 
118 V d.c. at 400 mA 
5 V d.c. at 40 mA 


Originally published as “Technical Publication 136,” EICOMA, The Netherlands, 1984. 
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INTRODUCTION 

The Data and Graphics Display (DGD) unit 
(also referred to as a VDU) is built for wide 
ranging applications. It consists of a very 
high resolution c.r.t. paired with precision 
deflection coils and all the associated dis- 
play circuitry, as shown in Figure 1. Using 
the same printed circuit board and com- 
ponents, it can easily be adapted to 
operate over a wide range of line and field 
frequencies with different flyback times in 
either horizontal (landscape) or vertical 
(portrait) format. 


The possible applications of this unit range 
from video games to high-resolution dis- 
plays. However, it is as a computer 
terminal display device that the DGD will 
be most useful. Normally, it is the logic 
design that determines all the parameters 
to be specified in a computer system, and 
it is only when the logic circuitry has been 
finalized that a suitable display is sought. 
Consequently, the display must be tailor- 
made for the application. There are no 


signs of any standardization in the future. — 


For this reason the DGD has been 
designed to allow different dedicated dis- 
play units to be built up very simply from 
one basic design. 


The DGD is a straightforward and efficient 
design which will operate with line fre- 
quencies of between 15 and 70 kHz and 
field frequencies of 50 to 100 Hz, inter- 
laced or non-interlaced. All the design 
features combine to provide the resolution 
required for very high density displays (up 
to 1.5 million picture elements per page). 
They also ensure a sharp picture right to 
the screen corners, and allow operation at 
high line frequencies without undue 
temperature rise. A diode-split transformer 
provides combined line scan and e.ht., 
and it is this component which allows 
changes in line frequency and flyback time 
to be accomplished very easily. 


Note: e.h.t stands for extreme haute- 
tension, or extreme high voltage. 


GENERAL DESCRIPTION 

Figure 2 shows a block diagram of the 
DGD unit and its auxiliary circuits. (The 
unit is to the right of the broken line, with 
the auxiliary circuits to the left.) The circuit 
diagram is shown in Figure 3. 


The normal DGD requirements of good 
raster geometry and minimal loss of dis- 
play quality between the screen center and 
corners are even more important in high- 


i 

4 

a 

§ } 
i 
é 

4 

a 

Q 

4 

é 

‘ 

‘ 

rar 

‘ 

é 


Figure 1. DGD Unit 
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definition systems. To ensure a display 
offering the best possible resolution over 
the whole line frequency range, the unit 
uses high-quality purpose-designed 
deflection coils type AT1089. These are 
paired with either the 12 in (M31-326 ) or 
15 in (M38-328) picture tubes. These coils 
have been designed using recently deve- 
loped techniques to give good deflection 
performance and raster geometry suitable 
for correction by built-in magnets. For the 
12 in tube, type AT1039/03 deflection coils 
are used. Two types of coil are available 
for the 15 in tube, the AT1039/00 which 
has been optimized for portrait (vertical) 
formats and the AT1039/01 for landscape 
(horizontal) displays. Terminations to each 
coil are brought out separately to allow for 
both series and parallel connections. 


Both line scanning and e.h.t. are provided 
by a purpose-built diode-split transformer. 
It is the flexibility of this device which pro- 
duces the extreme versatility of the DGD 
unit as a whole and allows operation of the 
wide range of line frequencies and flyback 
times. In addition, all auxiliary power 
supply requirements are obtained from the 
same transformer. The primary is provided 
with several taps, each of which corres- 
ponds to a different peak voltage and 
hence flyback time. By careful positioning 
of these transformer primary taps, and by 
utilizing both parallel and series connec- 
tion of the line deflection coils, a wide 
variety of flyback times can be accomo- 
dated in steps. Each step allows sensible 
values of flyback ratio for the different line 
frequencies. Apart from the selection of 
the correct transformer tap, the only other 
components that may need to be changed 
in order to use a different line frequency 
are the oscillator timing capacitor C6, 
S-correction capacitor C22, base drive res- 
istor R52, linearity control L1, and heater 
resistor R84. 


Although deflection defocusing has been 
minimized by careful design of the line 
deflection coils, there is still some focusing 
action in the deflection process. Also, 
there is a difference between the electron 
beam path lengths for axial beams and 
those deflected to the tube corners. These 
effects combine to produce a change in 
focus requirements from the center to the 
edges of the picture tube. To overcome 
this, dynamic focus is employed, The 
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active dynamic focus circuit applies para- 
bolic correction in both the line and field 
directions to give precise focus over the 
whole raster. Because the electron gun is a 
unipotential type, the tube has a fairly flat 
focus characteristic. The amplitude of the 
dynamic focus can therefore be preset and 
adjustment is unnecessary. 


Width control is accomplished with a 
series-parallel inductance arrangement 
which does not affect the flyback time or 
e.h.t. Adjustable picture shift is supplied in 
both the line and field directions by pass- 
ing d.c. through the appropriate deflection 
coils. 


The TDA2595 line oscillator combination 
IC provides the correct waveforms to drive 
the line output transistor via a transformer- 
coupled driver stage. This IC includes both 
the line oscillator and coincidence detec- 
tor; a line flyback pulse, obtained from the 
collector of the line output transistor TR2, 
is required for phase detection. A protec- 
tion circuit which turns off the output drive 
if the voltage at pin 8 is either below 4 or 
above 8 V is used to provide overvoltage 
protection for the line output stage. 


All the field timebase functions are con- 
trolled by the TDA2653A IC. It takes a 
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Figure 2. DGD Unit Block Diagram 


positive-going field sync input at TTL level 
and drives the impedance-matched 
AT-1039 deflection coils in series connec- 
tion. A field blanking pulse, which may be 
used for screen burn protection, is availa- 
ble from pin 2. The IC is contained in a 
13-lead DIL plastic power. encapsulation 
type SOT-141, which offers straight- 
forward heatsinking. 


An emitter-driven video output stage is 
used with output transistor TR6 and driver 
TR7. The collector load resistors R87 and 
R88 with peaking coil L5 and some com- 
pensation in the emitter circuit ensure a 
bandwidth of 60 MHz at 35 V, measured at 
the cathode. In order to minimize stray 
capacitance, the video amplifier is placed 
on the tube-base printed circuit board 
close to the cathode pin of the tube. The 
55 V ht. line is provided from the line out- 
put stage. 


The unit will accept video input at TTL 
level with positive-going field sync and 
negative-going line sync. However, inputs 
at other levels and polarities may be 
accepted by using the auxiliary circuits, as 
shown in Figure 2. 


The main h.t. line input will depend upon 
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VIDEO 
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M38—328 15” 


TIMEBASE 


TDA2653A 


the line frequency and varies from about 
30 to 150 V. If lower values of h.t. are pre- 
ferred, a floating tap will accomodate a 
series boosted circuit arrangement. 


A 12 V supply is required at all frequen- 
cies. The total power consumption of the 
unit is about 40 W. 


Standard measures are taken to protect 
the circuitry in the event of a picture tube 
flashover. Spark gaps for all picture tube 
pins are provided and all are returned to a 
single point which is, in turn, connected to 
the outside aquadag layer of the tube and 
the common earth point. 


To achieve a satisfactory stable display 
with good linearity and one that is free 
from undesirable modulation, well recog- 
nized procedures should be adopted with 
regard to printed circuit board layout. It is 
essential that each individual circuit block 
has its own grounding system connected 
to a central point on the main printed cir- 
cuit board which is, in turn, connected to 
the chassis. Circuit layout within the indi- 
vidual blocks may also be critical. For this 
reason printed circuit cards and overlay 
diagrams are available for this design. 
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Table 1. DGD Unit Specifications 


Picture tube 


Deflection coils 
Line output transformer 
Character display 


Line frequency 
landscape format 
portrait format 


Field frequency 
non-interlaced or interlaced 


E.H.T. 
Line linearity 
Field linearity 


Raster breathing 
(0 to 100 uA) 


Line flyback time 
Field flyback time 


Video bandwidth 
(at 35 V output measured 
at the cathode) 


Input signals 


Power input 
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12 in M31-326 series 
15 in M38-328 series 


AT1039 series 


AT2076/84 
up to 1.5 X 10 pixels 


15 to 50 kHz 
15 to 70 kHz 


50 to 100 Hz 
17 kV 

better than 3% 
better than 3% 


better than 2% 
3 to 9 us 
0.6 ms 


60 MHz 


positive field sync at TTL level, negative 
line sync at TTL level, video input at TTL level 


40 W total 
30 to 150 V 36 W 
12V4W 


Originally published as “Technical Publication 115,” ELCOMA, The Netherlands, 1983. 
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Integrated Circuits packaged and 
shipped in Tape and Reel will signifi- 
cantly alter the production methods of 
the US electronics industry. SO pack- 
ages are now available in 12mm, 16mm, 
and 24mm tapes depending on the size 
of the package. 


Tape and Reel will enable manufactur- 
ers to use very high speed automatic 
placement equipment. With reels con- 
taining 1000 or 2000 components each, 
this equipment can run at high speed 
for longer periods without stopping the 
machine to replace empty tubes. Fur- 
ther, the components packaged in Tape 
and Reel require much less storage 
space than those in the traditional 
tubes. For example, the SMD Technol- 
ogy Center in Milwaukee, WI saved over 
90% in storage area for 5,000,000 SMDs 
in Tape and Reel vs. the space it would 
have required for the traditional axial 
leaded parts in tubes and/or reels. 


SPECIFICATIONS 

Tape and Reel specifications conform 
to Electronic Industries Association 
(EIA) Proposed Specification #RS-481 A, 
“Taping of Surface Mounted Com- 
ponents for Automated Placement”. 


The carrier tape material is PVC with a 
carbon filler and the cover tape is poly- 
ester. The reel material is cardboard. 


Signetics’ SO packages will be loaded 
onto reels in the quantities indicated in 
Table 1. 


Components packaged in Tape and 
Reel are protected against damage due 
to electrostatic discharge. The carrier 
tape is conductive, as shown in Table 2. 
Resistivity measurements are in ac- 
cordance with ASTM-D-991. 


The cover tape is heat sealed to the car- 
rier tape along the outer edges of the 
cover tape. The seal releases when 


Table 1. 


PACKAGE TAPE 


TYPE 


Table 2. SURFACE RESISTIVITY 


pulled with a peelback force (Z) of 15 
grams (min.) to 65 grams (max.). The 
peelback force must be exerted at an 
angle of 180-175° with respect to the 
carrier tape direction. Peel speed is 
120 +5mm/min. 


Components are loaded with pin #1 on 
the side nearest the sprocket holes. The 
carrier tape, cover tape, and reels are 
designed to withstand normal condi- 
tions seen in the industrial environment 
without changes in dimensions or other 
physical properties. COMPONENTS 
ARE FULLY PROTECTED FROM LEAD 
DAMAGE ONCE THEY ARE LOADED 
INTO THE TAPE. 


BOXES 

Taped components will be shipped in 
foil lined packing boxes approximately 
16” x 16” x 11/2” which will in turn be 
placed in shipping boxes that are 
16” x 16” x 10”. The shipping boxes can 
hold up to 5 packing boxes. 
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RESISTIVITY RESISTIVITY 
ITEM RANGE VALUES SPECIFICATION 


CONDUCTIVE <1x 105Q/sq <1x 105Q/sq 
ANTISTATIC >102 to >104Q/sq 
ANTISTATIC >109 to >104Q/sq 
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REEL 


PARTS 


| WIDTH | PITCH | PERREEL | DIAMETER | WIDTH | 
| 8mm_| 2000 


ORDERING 

To order Tape and Reel, simply indicate 
with the letter ‘R’ after the part number 
(example: N74LSOODR). This SPC code 
identifies to the factory that this is a 
Tape and Reel order. Orders for Tape and 
Reel MUST BE FOR WHOLE REELS, i.e. 
2000 units of SO-8, SO-14 and SO-16, 
and 1000 units of SO-16L, SO-20, SO-24 
and SO-28. NO PARTIAL REELS WILL 
BE SHIPPED. 


SAMPLES 

Full reels of dummy parts will be availa- 
ble through Logic Division for purchase 
by customers who would like to use 
dummies to check out their automatic 
pick-and-place machines. 


To Get... Order... 
DUMMY-SO-8 M1511DE R 
DUMMY-SO-14 M1511DH R 
DUMMY-SO-16 M1511DJ R 
DUMMY-SO-16L M1511IDJAR 
DUMMY-SO-20 M1511DLA R 
DUMMY-SO-24 M151iDNA R 
DUMMY-SO-28 M1511IDQA R 


Written by: Mark Kastner 
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UNREELING DIRECTION 
(EMPTY CARRIER TAPE) 


CENTER LINES 
OF CAVITY 


R3 


: FOR ALL COMPONENTS 
rem F SPECIFICATIONS | 
SYMBOL SPECIFICATIONS 
Tolerance 


Carrier [Width | OWT 

Tape [FilmThickness [it 0.40 | 

| [TotalThickness | OK | 
Ao 


Compart- Peal 
ments [Width Inside | Bo | 
id eae 

3 cae 


™ 
Ko 


ane ae 
: Ao 
[Depth,inside | Ko | 
[Width, Outside |B, | 
Length, Outside | ——s| 
[Depth, Outside | +d 
[Radius os 
Pitch YS 
[WallAngie | «| 6 
[Ret Plane | Hy 
ror] 
Fs 
eed 
aes 


Center Line 
Distance, Width 


Center Line 
Distance, Length 


Hole Diameter 


Sprocket 
Hole [Pitch 


Distance to Edge E 


NOTES: 

1. All feature dimensions in millimeters. 

2. Ag and By dimensions are measured at a plane defined as H, distance up from the inside compartment bottom and parallel to the bottom. Ko is 
measured from the same plane to the top surface of the tape. 

3. Camber to be no more than 1.0mm per 250mm length measure per semi specification #G10-83-(Camber). 

4. Pin #1 to be nearest sprocket holes. Top side of the package will be up. 


Figure 1. Embossed Carrier Tape Specifications 
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FOR ALL COMPONENTS 


ITEM SYMBOL SPECIFICATIONS 
Tolerance 


Gover [wih —SiYs=SO YY 
Tape [thickness «tT, «Oa, 
[BreakForce | — | 40K@| Min. 


Figure 2. Cover Tape Specifications 
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IF USED ASTERISKED 
DIMENSIONS APPLY. 


ig SYMBOL | SPECIFICATIONS | SO-8 |SO-14|so-16/ | | | 
ae j Toeranee J ||. | S28 | $0-29 | So-24 80-78 
Reel Plametg Ovisiee | _ Ap SO PM ———EE 


Flange Thickness 


pense Between 
Flanges as 4 


ReelHub | Diameter, Outside | __N | 55 
(== ee A 
= ad SCAR OS A SO SD Se ee! en 
Key | Diameter_| _p* | 202 | Min || || |||] 
ftocation | o | wor] |_| 
|ReelAssy. | Thickness | TT | |S Max. | 18.4 


NOTES: 

1. All feature dimensions in millimeters. 

2. Aclearance of 0.1mm to 2.2mm max. will be maintained between the carrier tape and the reel at the hub. This clearance will be measured at the hub 
O.D. 

3. Dimension T and G will be measured at the hub O.D. 


Figure 3. Reel Specifications 
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signetics Package Information 
Section 10 


Linear Products 


Package Outlines for products with prefixes: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, 


SE, SG, Ay UEN eciciiasisnssdes eaves iewisenesccauideecasens 
IRTFOCUGCTION escsicacdasicaescexucavivewdvineducaaweeteescccvwateveos 


Metal Cam ........cccccceeseness 
Hermetic Cerdip.............. 


Metal Can ........cccscccccccens 


2729 71MmO 


Plastic Dual-In-Line.......... 


Hermetic Leadiess Chip Carrier............ccscscccsscssssscccssucccensccssascenancensccens 


Package Outlines for products with prefixes: HEF, OM, MAB, MAF, MEA, PC, PN, SA, TA, 


TB, FG, TD, TE; UA wisdevissinssccusiventasvecidevdevavacessuve 
Soldering Notes ...........ccccssencnssecnccseneenccccecennuace 
8-Lead Dual-in-Line; Plastic (SOT-97A)1 ...........5+5. 
8-Lead Dual-In-Line; Ceramic (CERDIP) (SOT-151A) 


8-Lead Dual-in-Line;Metal Ceramic (CERDIL) (SOT-153B) ..........ccsscccscnscnccccceccccccteccncccctencncesssccass 


9-Lead Single-In-Line; Plastic (SOT-110B) ............. 
9-Lead Single-In-Line;Plastic Power (SOT-131A), B) 
9-Lead Single-in-Line; Plastic (SOT-142) .............+. 
9-Lead Sil-Bent-To-Dil; Plastic Power (SOT-157B) .. 


12-Lead Dual-in-Line; Plastic With Metal Cooling Fin (SOT-150)..........cccccsseccccesnenescccsencceensensesses 


13-Lead Sil-Bent-To-Dil; Plastic Power (SOT-141B). 
14-Lead Dual-in-Line; Plastic (SOT-27K, M, T)....... 
14-Lead Dual-In-Line; Ceramic (CERDIP) (SOT-73A, 


BiG) socsasusnandueseeseatccnseiuehanscsvacaswaveseudiuiescnauae 


14-Lead Dual-in-Line; Metal Ceramic (CERDIL) (SOT-83B) ..........cccsccccsscccssnscesncccescccsescneusaccuensoess 


16-Lead Dual-in-Line; Plastic (SOT-38) ..............055 
16-Lead Dual-In-Line; Plastic (SOT-38A) ............... 
16-Lead Dual-in-Line; Plastic (SOT-38D, DE) ......... 
16-Lead Dual-in-Line; Plastic (SOT-38Z)................ 


16-Lead Dual-in-Line; Plastic With Internal Heat Spreader (SOT-38 WE-2)..........sccccscncsssccessceesncnss 


16-Lead Quadruple-In-Line; Plastic (SOT-58) ......... 
16-Lead Dual-In-Line; Ceramic (CERDIP) (SOT-74A, 


Bh CO) css iccuactescccbunenvewabagesvensumestacesetsacanesdiiven 


16-Lead Dual-in-Line; Metal Ceramic (CERDIL) (SOT-84B) ..........ccccsscccscncenencccssansesenccsncnsessanesnaees 
18-Lead Dual-in-Line; Metal Ceramic (CERDIL) (SOT-85B) ..........cccsssccessncccenccccccnscccsnceusscceuasersases 


18-Lead Dual-iIn-Line; Plastic (SOT-102A).............. 
18-Lead Dual-in-Line; Plastic (SOT-102C).............. 
18-Lead Dual-in-Line; Plastic (SOT-102CS) ............ 
18-Lead Dual-in-Line; Plastic (SOT-102G).............. 


18-Lead Dual-iIn-Line; Ceramic (CERDIP) (SOT-133A, B)............cccsceccscsscuncnsceccnsssvscususcncuscuaseenes 


20-Lead Dual-In-Line; Plastic (SOT-146)..............:. 


20-Lead Dual-iIn-Line; Ceramic (CERDIP) (SOT-152B, C) ........ccscccssccccsccccessnccecnncesncceesnccecsscnnencens 
20-Lead Dual-In-Line; Metal Ceramic (CERDIL) (SOT-154B) ..........csssceuscccescncccnscccessessssnsccssaseusenes 


22-Lead Dual-in-Line; Plastic (SOT-116)...........000. 


22-Lead Dual-In-Line; Metal Ceramic (CERDIL) (SOT-118B) ..........ccssccssccescceccncnsccessenssssenensceesannns 
22-Lead Dual-in-Line; Ceramic (CERDIP) (SOT-134A) ........scccsesnccccsssncnccceussncccccnrsnsnccsansesnnceeenssaes 
24-Lead Dual-in-Line; Metal Ceramic (CERDIL) (SOT-8GA) ..........sccssccccesncccssscnctscccesecnscescneussccesens 


24-Lead Dual-in-Line; Ceramic (CERDIP) (SOT-94) . 


24-Lead Dual-in-Line; Plastic With Internal Heat Spreader (SOT-101A, B).........cccscccssscnnessnsecsccesecs 
28-Lead Dual-In-Line; Metal Ceramic (CERDIL) (SOT-87A) ..........ccscscccccrscccrersccsessccuscccassscseneenecees 
28-Lead Dual-In-Line; Metal Ceramic (CERDIL) (SOT-87B) ..........ccsccseccscscscececcasscscecsosstcesessnssceens 


28-Lead Dual-in-Line; Plastic (SOT-117)..............+. 
28-Lead Dual-in-Line; Plastic (SOT-117D)...........0:. 


28-Lead Dual-in-Line; Ceramic (CERDIP) (SOT-135A) ........cccscesscccncccnnsesccscesesccceccsescseusenscccssaesscus 
40-Lead Dual-iIn-Line; Metal Ceramic (CERDIL) (SOT-88) ............cccccescsncccnssccnnacsssenscncnscecnssensuseass 
40-Lead Dual-in-Line; Metal Ceramic (CERDIL) (SOT-88B) ...........cccescssecentecectecescennecncesuccesecnenscess 


40-Lead Dual-in-Line; Plastic (SOT-129)1 ............:. 
40-Lead Dual-in-Line; Ceramic (CERDIP) (SOT-145) 
Microminiature Package Outlines 


SS HOTTEST SAFSTHHKSRTHTATHSHRAHETSHSKAHHASSHSRTEHSHHRETESES ESTs ean 


10-3 
10-3 
10-5 
10-7 
10-8 
10-10 
10-11 
10-11 
10-12 


10-16 
10-16 
10-16 
10 ~ 16 
10-17 
10-17 
10-18 
10-18 
10-19 
10-19 
10 = 20 
10-20 
10-21 
10-21 
10-22 
10-22 
10 = 23 
10-23 
10-24 
10-24 
10-25 
10-25 
10-26 
10-26 
10 - 27 
10-27 
10 - 28 
10-28 
10-29 
10-29 
10-30 
10-30 
10-31 
10-31 
10 - 32 
10-32 
10-33 
10-33 
10-34 
10-34 
10-35 
10-35 
10-36 
10-36 
10 =37 
10 - 37 
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Signetics Linear Products 


Section 410 Package Information 
8-Lead Mini-Pack; Plastic (SO-8, SOT-Q6A)...........sscescccseescesucreneeseeceuentsseusesaneccuentsnseceesseseuenusoees 10 - 38 
8-Lead Mini-Pack; Plastic (VSO-8, SOT-176) ......ccccscccneccnccssenscunenseuncnuanensssoseeuvensensascuseseenessenseues 10-39 
14-Lead Mini-Pack; Plastic (SO-14, SOT-108A) ........ccccussesscceessssecuseuensnceeeuseunnesuseonensecevessusnsasenns 10-39 
16-Lead Mini-Pack; Plastic (SO-16, SOT-109A) .......c:ccsscsscescesseecsessenesenensensstenseenvuseuseusesseeaeueoneaee 10-39 
16-Lead Mini-Pack; Plastic (SO-16L, SOT-162A) ........ccccccesscensneenseusceenseensernsceussenaseecueensseuensoneaees 10-40 
20-Lead Mini-Pack; Plastic (SO-20, SOT-163A) .........ccccccsscccusesnsceseeeseneeeueescesneuseaeueueesuueceeususnenens 10-40 
24-Lead Mini-Pack; Plastic (SO-24, SOT-137A) .......cccccccssscccesusceescsueenseueseuseusceeeseuseusseeeusnueucsunenus 10-41 
28-Lead Minl-Pack; Plastic (SO-28, SOT-13GA) ..........cccscssceecceensenseueaeeeeevscesauevsntenseuasunceenuseusouus 10-41 
40-Lead Minl-Pack; Plastic (VSO-40, SOT-158A) .........ccssesccuscccccesctencnacenecnssseenseunssesseuunaceseeusnenens 10-42 
40-Lead Mini-Pack; Plastic (Opposite Bent Leads) (VSO-40, SOT-158B) ............ccesseereeeseneeneeneneeues 10-42 
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Signetics Linear Products 


Product Specification 


Package Outlines 


FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, »A, ULN 


INTRODUCTION 


The following information applies to all 
packages unless otherwise specified on 
individual package outline drawings. 


General 

1. Dimensions shown are metric units 
(millimeters), except those in par- 
entheses which are English units 
(inches). 


2. Lead spacing shall be measured with- 
in this zone. 
a. Shoulder and lead tip dimensions 
are to centerline of leads. 


3. Tolerances non-cumulative. 


4. Thermal resistance values are deter- 
mined by utilizing the linear tempera- 
ture dependence of the forward volt- 
age drop across the substrate diode in 
a digital device to monitor the junc- 
tion temperature rise during known 
power application across Voc and 
ground. The values are based upon 
120 mils square die for plastic pack- 
ages and a 90 mils square die in the 
smallest available cavity for hermetic 
packages. All units were solder 
mounted to P.C. boards, with stand- 
ard stand-off, for measurement. 


. Body dimensions do not 


. SO 


PLASTIC ONLY 
5. 


Lead material: Alloy 42 (Nickel/lron 
Alloy) Olin 194 (Copper Alloy) or equiv- 
alents, solder dipped. 


. Body material: Plastic (Epoxy) 
. Round hole in top corner denotes lead 


No. 1. 


include 
molding flash. 


Packages-microminiature 
packages. 

a. Lead material: Alloy-42. 

b. Body material: Plastic (Epoxy). 


HERMETIC ONLY 


10. Lead material 


a. ASTM alloy F-15 (KOVAR) or 
equivalent—gold plated, tin plated, 
or solder dipped. 

b. ASTM alloy F-30 (Alloy 42) or 
equivalent—tin plated, gold plated 
or solder dipped. 


c. ASTM alloy F-15 (KOVAR) or 


equivalent—gold plated. 


11. Body Material 


a. Eyelet, ASTM alloy F-15 or equiva- 
lent—gold or tin plated, glass 
body. 


10-3 


b. Ceramic with glass seal at leads. 

c. BeO ceramic with glass seal at 
leads. 

d. Ceramic with ASTM alloy F-30 or 
equivalent. 


. Lid Material 


a. Nickel or tin plated nickel, weld 
seal. 

b. Ceramic, glass seal. 

c. ASTM alloy F-15 or equivalent, gold 
plated, alloy seal. 

d. BeO Ceramic with glass seal. 


. Signetics symbol, angle cut, or lead 


tab denotes Lead No. 1. 


. Recommended minimum offset 


before lead bend. 


. Maximum glass climb .010 inches. 
. Maximum glass climb or lid skew is 


.010 inches. 


. Typical four places. 
. Dimension also applies to seating 


plane. 
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Signetics Linear Products Product Specification 
Package Outlines 


FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, »A, ULN 


PLASTIC PACKAGES 


PACKAGE CODE 8,,/9).(° C/W) DESCRIPTION 


Standard Dual-in-Line Packages 

8-Pin 99/50 

14-Pin 86/48 TO-116/MO-001 
16-Pin 83/42 MO-001 
18-Pin 63/29 
20-Pin 61/24 
22-Pin 51/23 
24-Pin 52/23 MO-015 
28-Pin 52/23 MO-015 
Metal Headers 

4-Pin 100/20 TO-46 Header 

4-Pin 150/25 TO-72 Header 

8-Pin 150/25 TO-5 Header 
10-Pin 150/25 TO 5/TO-100 Header, Short Can 
10-Pin 150/25 TO-5/TO-100 Header, Tall Can 
Cerdip Family 

8-Pin 110/30 Dual-in-Line Ceramic 
14-Pin 110/30 Dual-in-Line Ceramic 
16-Pin 100/30 Dual-in-Line Ceramic 
18-Pin 93/27 Dual-in-Line Ceramic 
20-Pin 90/25 Dual-in-Line Ceramic 
22-Pin 75/27 Dual-in-Line Ceramic 
24-Pin 60/26 Dual-in-Line Ceramic 
28-Pin 57/27 Dual-in-Line Ceramic 


Laminated Ceramic, Side Brazed Lead 
16-Pin | 90/25 Dip Laminate 


SO Package Thermal Data 


Package Max. Allowable Max. Allowable Thermal Resistance 
Package Mounting Power Diss. Power Diss. (Qja°C/ Watt) 
Type Technique * (mW) at 25°C (mW) at 70°C Average Maximum 
SO-14 PCB 658 424 190 225 
Ceramic 962 615 430 465 
Ceramic w/H.S. 4474 944 85 440 
SO-416 PCB 862 554 445 470 
Ceramic 1250 800 100 125 
Ceramic w/H.S. 1923 4234 65 85 
SO-46L PCB 4250 800 400 440 
Ceramic 4743 4443 70 400 
Ceramic w/H.S, —_ 2500 4600 50 65 
SO-20 PCB 4474 944 85 445 
Ceramic 2273 4454 55 85 
Ceramic w/H.S. 3572 2286 35 55 
SO-24 PCB 4563 4000 80 440 
Ceramic 2000 4600 50 80 
Ceramic w/H.S. 4167 2667 30 50 


PCB =Printed circuit board 

Ceramic =Ceramic substrate 

Ceramic w/H.S.=Ceramic substrate with heat sink and/or thermal compound 
*Air gap is 0.006 inches unless thermal compound is used 
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Signetics Linear Products Product Specification 


Package Outlines 


FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, »A, ULN 


D PACKAGE — PLASTIC 


(SO 8-PIN) 
5.2 (.205) 
4.6 (.181) 
6.2 (.244) 
5.8 (.228) 
LEAD NO. 1 
5.0(.197) _ | .78 (.031) 
4.8 (.188) | .61 (.024) aga as 
7° (4 PLCS) ue oz 
(Note) 
56 (.022) | j | 
.49 (.019) 1.27 (.050) 0.22 (.009) 3-6 
0.45 (.018) BSC 0.19 (.007) 
0.35 (.014) 0.20 (.008) 
0.10 (.004) 
ior D PACKAGE — PLASTIC 
(SO 14-PIN) 
| 
i 
§.207 (.205) 
4.00 (158) 4.623 (.182) 

.80 (.1 
6.20 (.244) 
5.80 (.228) 


8.75 (.344) 
8.55 (.336) 


1.75 (.069) 


a a oer 
125 (05) 4 Gienleleleillo 


_ -50 (.020) 
.25 (.010) 
45° 
0°-8° 
5 


.25 ie 1.27 (.050)BSC ar mous | \_ 
.10 (.004) —— -406 (.016) 
7 (o2max —e| 19 (0078) ss 


D PACKAGE — PLASTIC 
(SO 16-PIN) 


4.00 (.158) 5.207 (205) 
3.80 (.150) 4.623 (.182) 


6.20 (.244) 
5.80 (.228) 


10.00 (.384) 
9.80 (.366) 


1.448 (.057) 
1.245 (.049) 


50 (.020) 
.25 (.010) 
wb “A 
a 
|S ge, 
19 ( (0075) 


1.75 (.069) 
1.35 (.053) | 


-25 (.010) 
-10 (004) 


7 pence 


Note: 


Dimensions shown are metric units (millimeters), except those in parentheses which are 5 English units (inches). 
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Signetics Linear Products Product Specification 


Package Outlines 


FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, »A, ULN 


D PACKAGE — PLASTIC 


.49 (.019) 
35 wo f (SO-16L PIN) 
I E 


10.65 (.419) 


10.00 (.394) 
eee 


.75 (.030) 
.25 (010) 
45° 
2.65 (.104) --e-w e a eas 
aie 4 COTY 222s os) ° A 
— ia 1.270 wa || 
+. 


10.5 (.413) 
10.1 (.398) 


E——4_ 2.438 (.096) 


0.008 .75 (.030)MAX " 
mi) D PACKAGE — PLASTIC 
35 (014) (S0-20) 
10.65 (.419) 
10.00 (.394) 


t—+-—1_ 2.438 (.096) 


Cg] 2.235 088 


2.65 (.104) 


2.35 (.093) ate 


-30 (.012) 1.27 (.050)BSC L 


-10 (.004) ! 
-75 (.030)MAX = 


.75 (.030) lena 
.25 (.010) 


Sa seth 


32 (.013) -406 (.016) 


—Pe| 
o 
° 
NS 
° 
| 


Note: 
Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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Signetics Linear Products 


Product Specification 


Package Outlines 


FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, »A, ULN 


.49 (.019) 


Soe Ce. 
8.763 (.345) 
7.6 (.299) 
7.4 (291) 


15.6 (.614) 
15.2 (598) 


2.65 (.104) 


nner 2.438 (.096) 
2.35 (.093) | Wialalalainiainisiaial 


tnim 2.235 (.088) 


= 


-30 (.012) 
-10 (.004) 


1.27 (.050)BSC 


.75 (.030)MAX 25) 


.49 (.019) 


-35 (.014) 


_ 
“at 


8.763 (.345) 


18.1 (.713) 
17.7 (.687) 


2.65 (.104) 


Pee eee 
235 (083) _| Uinielelaleteleleleiatats 
Ld] LJ Ly Ly tJ iyo i Lj id LJ 


t—t—4 2.438 (.096) 


-30 (.012) 
-10 (004) 


1.27 (.050)BSC 


-75 (.030)MAX = 


4.95 (.195) 
4.52 (.178) oo 


0°- 


9.246 (.364) 


D PACKAGE-PLASTIC 
(SO-24) 


a. 10.65 (.419) 
10.00 (.304) 

.75 (030) 

.25 (.010) 

45° 

L\ 
c a 1.270 (,050) = he 
32,013) ae Oe) 
23 (.009) 


D.PACKAGE-PLASTIC 
(SO-28) 


10.65 (.419) 
10.00 (.394) 


.75 (.030) is 
-25 (.010) 
7 


ICL] 2205 coos “S [2 


1.270 (.050) 
-406 (.016) aS 


32 (.013) 
.23 (.009) 


E PACKAGE — HERMETIC 


(TO-72 HEADER) 


tL 


5.33 (.210) 
4.32 (.170) 


0.76 (.030) MAX. 


4 LEADS 
0.48 (.019) 
0.41 (0.16) 


5.84 (.230) 
5.31 (.209) 


2.54 (.100) T.P. 


0.97 (.036) 1.27 (.050) T.P. 


1.22 (.048) 
0.71 (.028) 


Note: 


Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches) 
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Signetics Linear Products . Product Specification 


Package Outlines 


FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, pA, ULN 


LEAD NO. 1 


FE PACKAGE — HERMETIC 
(8-PIN) 
a “ MAX, 


9,906 (.39 4.45 446 1.175) 8.13 (320 
40.287 eet 68 (.145 sae tHe] Co Fart a80} | 


2.29 (.090) (Note) 


| 10.03 (395) 
7.62 (.300) 


4.19 (.165) 
STE T25) 


LEAD NO. 1 


F PACKAGE — HERMETIC 
(14-PIN) 


7.67 (.302) MAX. 


1.02 (.049) 


19.94 (.785) 


8.13 (.320) 
19.18 (755) 7.37 (.290) 2.29 (.090) 


(Note) 


0.36 (.014) | 
0.20 (.008) 
1.78 (.070)__ _.| zal & 
0.76 (.030) * 7.62 (.300) 
4.19 (.165) 
2.79 (.110) 3.18 (.125) 
0.58 (.023) 2.29 (.090) 2.49 (.098) 
0.38 (.015) 1.78 (.070) 
LEAD NO. 1 
F PACKAGE — HERMETIC 
(16-PIN) 
7.67 (. “a MAX. 
1.02 (.040) 
0.51 (.020) 
19.94 (.785) 4.45 (.175)|__ 8.13 (.320) 
[ses 18 (.755) 3.68 (.145)) 7.37 (.290) | 2.29 (.090) 
(Note) 


0.36 (.014) | 


0.20 (.008) 

aad 10.03 (.395)__, | 
7.62 (.300) 

1.27 {.050) 4.19 (.165) 


2.79 (.110) —— 
ae —_——— 0.38 (.015) 3.18 (.125) 
0.38 (.015) 2-29 !.090) 


1.78 (,070) 
0.76 (.030) 


Note: 
Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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Signetics Linear Products Product Specification 


Package Outlines 


FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, »A, ULN 


LEAD NO. 1 
F PACKAGE — HERMETIC 
(18-PIN) 
7.67 (302) MAX. 


23.50 (.925) 4.45 (.175) 8.13 (.320) 
22.40 (.882) 3.68 (.145) 7.37 (.290) 


2.29 (.090) 


1.02 (.040) 
0.38 (.015) 


(Note) 
0.36 (.014) 


piciciciebek todas iad | 
0.20 (.008) 


10.03 (.395) 
7.62 (.300) 


1.78 (.070) 2.79 (.110) 
0.76 (.030) 2.29 (.090) 


0.58 (.023) 1.27 (.050) 4.19 (.165) 


0.38 (.015) 0.38 (.015) 3.18 (.120) 


LEAD NO 1 13 
F PACKAGE — HERMETIC 


a (20-PIN) 


7.67 (.302) MAX. 


25.146 (.990) 4.45 (.175) 8.13 (.320) 
23.926 (.942) 3.68 (.145) 7.37 (.290) 


boatie 


2.29 (.090)| 2 | 


1.02 (.040) 
0.38 (.015) 


1.78 ‘A im “| 
0.76 (030) | 2.79 (.110) 
2.29 (.090) 


0.36 _(.014) 
0.20 (-008) 


1,27 (.050) 10.03 (.395) 


0.58 (.023) 127 (.005) 7.62 (.300) 
0.38 (.015) 4.19 (.165) 
3.18 (.125 
LEAD NO. 1 
F PACKAGE — HERMETIC 
(22-PIN) 
10.16 (.400) 
m7 
28.19 (1.100) 1.02 (.040) 
27.00 (1.060) 0.38 (.015) 
45 (.175)_, 10.80 (.425) 
3.68 (.145% 10.30 (.405) | 2.54 (100) 


(Note) 


0.36 (.014) 
0.20 (.008) 


12.57 (.495) 
10.16 (.400) 


1.78 (.070) 
0.76 (.030) 


2.54 (.100) 4.19 (.165) 
0.64 (.025) = 3.18 (.125) 


| 2.79 (.110) 
2.29 (,090) 


0.58 (.023) 
0.38 (.015) 


Note: 
Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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Signetics Linear Products Product Specification 


Package Outlines 


FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, »A, ULN 


F PACKAGE — HERMETIC F PACKAGE — HERMETIC 
(24-PIN) | (28-PIN) 
LEAD NO. 1 


az LEAD NO. 1 


15.75 (.620) 14.98 (.590) MAX. 
MAX. 


1.40 (.055) 
32 77 (1.290) sercoeet 15.75 (.620) 
Au 0.51 (.020) pear 37.85 (1.490) 
31.37 (1. 14.99 {. 2.54 (.100) 
(7.235) (.590) | "36.58 (1.440) 
1.78 (.070) ! 
0.76 (.030) 


1.40 (.055) 


0.51 (.020) 
5.08 (.200) 


3.811.150) 45 49 (.610) 


i 14.99 md 


2.54 (.100) (Note } 


(Note) 
0.36 (.014) Y 
0.20 (.008) 


| 17.65 (.695) | 
15.24 (.600) 


| U 0.36 (.014) 
4.32 (.170) 0.20 (.008) 
3.30 (.130) 1.93 (.076) sas la |. —.17.52 (.690) 
0.58 (023) 2.79 (.110) 2.49 {.098) 4.19 (.165) 16.25 (.640) 


0.381.015) 2.291.090) 1.52 (.060) 3.18 (.125) 0.58 (.023) 2.79 (.110) 2,54 (.100) 4.19 (.165) 
0.381.015) 2.29(.090) 1.521.060) 3.05 (.120) 


G PACKAGE 


0.050 = 0.008 TYP. 
0.020 x 45° REF. 
0.055 2 0.006 


—¢.a69 + 0.010 
0.350 * o o95 80 


THE 


0.040 x 45° 0.075 = 0.010 TYP. 
REF. (3 PLCS) 


G PACKAGE G PACKAGE G PACKAGE 
(14-PIN) (16-PIN) (20-PIN) 
$ we 4 NC 3 6 5 NC 4 3 


6 2 ? 2 9 3 
? .) 8 1 10 2 
NC nc nc we "1 1 
8 14 9 16 12 20 
9 13 10 15 13 19 
10 NC 13 NC 12 40 920:«NC 1314 14 #18 6 17 18 
Note: 


Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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Signetics Linear Products 


Package Outlines 


FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, A, ULN 


H PACKAGE — HERMETIC 
8-PIN 
(TO-5 HEADER) 


8.26 (.325) 
8.00 (.315) oA 


0.76 (.030) 
0.51 (.020) 


4.70 (.185) 
4.19 (.165) 


14.28 (.562) 
12.70 (.500) 


[0 a on 


1.14 (.045) insuLaTOR 
0.38 (015) ‘YS 


0.48 (.019) 


DIA. 
0.41 (016) 
9.40 (.370) 5) 9 8 LEADS 
9.02 (355) 
4.06 (.160 
3.05 (.120) 


45° '2 TYP. 


5.33 (.210) 
4.83 (.190) 


1.02 (.040) 
0.74 (.029) 


H PACKAGE HERMETIC 
10-PIN 
(TO-5/100 HEADER 
TALL CAN) 


8.26 (.325) DIA 
8.00 (.315) ‘ 


O78 1.02) 
8.48 (.265) Oey 020) 
5.97 (.235) 1.14 (.045) 
Sa roTey INSULATOR 
14,28 (,562) 
12.70 (,500) 
0.48 (.019) pia 
0.41 (.016) 
10 LEADS 
9.40 (.370) p19 
9.02 (.355) 
4.06 (.160) 
3.05 (.120) 
6.10 (.240) eon 
5.59 (.220) 


1.02 (.040) 
0.74 {.029) 


0.86 (.034) 
0.71 (.028) 


Note: 


0.51 (.020) 0.63 (.025) 
on 3.05 (.120) 
f 2.03 (.080) 
13.(,005) MIN. 


1.65 (.065) 


Product Specification 


H PACKAGE — HERMETIC 


10-PIN 
(TO-5/100 HEADER 
SHORT CAN) 
8.26 (.325) 51, 
8.00(.315) 
0.76 (.030) 
0.81 (-020) 
4.70 (.185) Sapeeas 
oe ies 0.38 (015) ss ATOR 
14.28 (.562) 
12.70 (.500) 


10 LEADS 
0.48 (.019) DI 
0.41 (.016) 


Hina 


9,40 (.370) p19 
9.02 (355) 


4.06 (.160) 
3.05 (.120) 


6.10 (.240) 
5.59 (.220) 


7 


36 +2 TYP. 


1.02 (.040) 
0.74 (.029) 


0.86 (.034) 


———_$_ 


0.71 (.028) 


| PACKAGE — HERMETIC 
(16-PIN) 


LEAD NO. 1 


7.87 (.310) 
7.11 (.280) 


| 20.70 (.815) | 


19.93 (.785) 1.40 (.055) 


12.95 (.510) 
12.45 (.490) 


8.13 (.320) 


0.31 (.012) 
0.20 (.008) 


1.52 (.060) | | 8.74 (.344) | 
1.14 (.045) 4.45 (.175) 7.11 (.280) 
0.53 (.021) 2.29 (.090) 
0.38 (.015) 


Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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Signetics Linear Products Product Specification 


Package Outlines 


FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, »A, ULN 


N PACKAGE — PLASTIC 
(8-PIN) 


LEAD NO. 1 


6.40 (.252) 
6.22 (.245) 


7.87 (.310) 
7.37 (.290) 1.65 (.065) 
1.39 (.055) 


9.53 (.375) 
9,27 (.365) 


—- 
3.17 (.125) 
2,92 (.115) 
—_ i 


0.75 =I OA 
0.51 (.020) 


PH 


(Note) 
0.38 (.015) if 
0.25 (.010) <——— 


1.32 (.052) 
1.12 (.044) 9 53 (, oa" 


| 10.03 (.395) 
7.62 (.300) 


0.38 (.015) 


2.79 (,110) 1.14 (.045) 
2.29 (.090)} 0.64 (.025) 


N PACKAGE — PLASTIC 
(14-PIN) 


LEAD NO. 1 


6.40 (.252) 
6.22 (.245) 
19.18 (.755) 7,87 (.310) 
18.92 (.745) 3.18 (.125)' 7.37 (.290) | 4.73 (.068) 
2.92 (115) 1.45 (.057) 
0.89 (.035) | 
0.38 (.015) (Note) 


0.38 (.015) 


a 
0.25 (.010) 


th 1.32 {.052) 3.43 soca 
7.12 (. al 3.05 (.120) a 10.03 (.395) 
0.53 (.021) 216 1.080) om 


0.38 (.015) 2.79 2.79 (.110) 1.65 (.065) 
2.29 (.090) 


Note: 
Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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Signetics Linear Products Product Specification 


Package Outlines 


FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, »A, ULN 


N PACKAGE — PLASTIC 
(16-PIN) 


6.40 (.252) 
6.22 (.245) 


18 (. 7.87 (.310 
ET 3.18 (.125) a 1.73 (.068) 
0.89 (.035) 
0.38 (.015) 
1.32 (.052) | = 3.43 (. eet 10.03 (.395) 
2.29 (.090) 


0.53 (.021) 051 (. 020) 
0.38 (.015) 


+ 


0.38 (.015) 
0.25 (.010) 


N PACKAGE — PLASTIC 
(18-PIN) 


6.40 (.252) 
6.22 (.245) 


0.89 ({.035) 
0.38 (.015) 


23.50 (.925) 3.18 (.125) be 2:87 (.310) 
23.24 (.915) 2.92 a a 1.73 (.068) 


1.45 (.057) 
0.38 (.015) 
0.25 (.010) 
1.32 (.052) 
1.12 (.044) [= = | 10.03 (.395) 
3.43 (.135) 7.62 (.300) 


0.53 (.021) 2.79 (.110) 1.78 (.070) 3.05 (.120} 
0.38 (.015) 2.29 (.090) 1.52 (.060) 


+. 


Note: 
Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). - 
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Signetics Linear Products Product Specification 


Package Ouilines 


FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, »A, ULN 


N PACKAGE — PLASTIC 
(20-PIN) 


6.22 (.245) 


2% 


26.92 (1.060) 
26.54 (1.045) 


0.89 (.035) 
0.38 (.015) 


7.87 (.310) 2.16 (.085) 
7.37 (.290) fa (.055) 


3.68 (.145) 
(Note) 
0.38 (.015) 


2.92 ty . 
0.25 (.010) 


10.03 (.395) 
| dk 4 +e ato 


1.12 (044) 

3.43 (.135) 

0.53 (.021) 2.79 (.110) 2.03 (.080) 3987730) 
0.38 (.015) 2.29 (.090) 1.78 (070) 


N PACKAGE — PLASTIC 
(22-PIN) 


LEAD NO. 1 


8.94 (.352) 
8.45 (.345) 
FAVITIV RULER 
28.07 (1.105) 0.89 (.035) 
27.81 (1.095) 0.38 (075) 10.41 (.410) 2.16 (.085) 
9.91 (.390) 1.88 (.074) 


(Note) 


0.38 (.015) 
0.25 (.010) 


1.32 (.052) | 12.57 (.495) 
Seen 1.12 (.044) ro 10.16 (.400) 


2.79 {.110) 1.52 (.060) 3.94 (.155) 
0.53(02) <—— - 
O38(01e) 729-090) = 1.02 .040) 3.68 (.145) 


Note: 
Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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Signetics Linear Products Product Specification 


Package Outlines 


FOR PREFIXES: ADC, AM, CA, DAC, LF, LM, MC, NE, SA, SE, SG, »A, ULN 


N PACKAGE — PLASTIC 
(24-PIN) 


LEAD NO. 1 


PVP YUU VY 
| 31.88 (1-255) aso 15.49 (.610) 1.91 (.075) 
31.50 (1.240) 0.51 (.020) r 14 99 (.590) | 1.65 (.065) 


(Note ) 
0.38 (.015) 
a 0.25 (.010) 
3.43 (.135) |,_..17.65 (.695) | 
3.05 (.120) Faas 3.94 (.155) 15.24 (.600) 
1.32 (.052) 0.53 (.021) 7.65 (.065) 3.68 (.145) 
— 2.79 (.110) 
7.12 (044) 0.38 (.015) So 
N PACKAGE — PLASTIC 
(28-PIN) 
LEAD NO. 1 
14.10 (.555) 
13.84 (.545) 
ee eae 455) esha ee 
3575 11 440) ree 15.49 (.610)__ | 1.91 (.075) 
14.99 (590) | 1.65 (.065) 
3.68 (.145) (Note ) 


0.38 (.015) 
| 0.25 (010) 
1.32 (.052) 17.65 (.695) 
1.12 (.044) ml 15.24 (.600) 
0.53 (.021) 2.79 {.110) 2.16 (.085) (7420) 
0.38 (.015) 2.25 (090) 1.65 (.065) 


Note: 
Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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Signetics Linear Products Product Specification 


Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, «AA 
SOLDERING | 


1. By hand 


Apply the soldering iron below the seating plane (or not more than 2 mm above it). 
If its temperature is below 300 °C it must not be in contact for more than 10 seconds; if between 
300 °C and 400 °C, for not more than 5 seconds. 


2. By dip or wave 


The maximum permissible temperature of the solder is 260 °C; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 
must not exceed 5 seconds. 

The device may be mounted up to the seating plane, but the temperature of the plastic body must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis- 


sible limit. 
3. Repairing soldered joints 
The same precautions and limits apply as in (1) above. 
8-LEAD DUAL IN-LINE; PLASTIC (SOT-97A). 8-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-151A) 
9 | a | pe pein ia 10,4 max al 
b | i 


7283900.2 


top view 


top view 
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Signetics Linear Products Product Specification 


Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, uvAA 


8-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-153B) 


a 
8 | 13,6 max = 7,57 max | 
a 
non 
£& 4 
il 3,9 
4 max 
3,9 _— 
3,4 
' 
—> ae Pe ca ae Pn ic | geek aa 
max 7283896 


top view 


9-LEAD SINGLE IN-LINE; PLASTIC (SOT-110B) 


—~) 1,65 j< 


—_ 

a2 

wo 
—_ 


6,35 
| 
i} 

a, 
2 
a 

i. 

3,9 

3,4 

y 
4,20" | | (254) | el le-0,35 ee |e 
1 > eee es sl ole ap ue aul | 7276161" 
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Signetics Linear Products Product Specification 


Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, »AA 
Y-LEAD SINGLE IN-LINE; PLASTIC POWER (SOT-131A, B) 


« a cerns rene 24 max i a 
a ences 19,8 Lic sett Saibstetaaseratgpeeetsbenee bt tops ee “wieelnh | +. 4,7 | 
| max | 
¢ 
sg 
a 
ss} tz a as uF 
9 
@ 
JRcipamene 
= 7 aaa ‘ 
a] 4 ; 
6,5 
: 75 
‘: a pg ESE 
8 ae | a | a _t | 
: 2,94) 
gigi la vie vied Same Seer ip wee 7276168.2 0,40-- Re ise 


9-LEAD SINGLE IN-LINE; PLASTIC (SOT-142) 


seating plane 
=~ 


ee be 


ee iw si ll els i 1165 


7283293.1 


‘ top view 
EE 
Ses | 
— SS ee max: erm li 
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Signetics Linear Products Product Specification 
Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, »AA 


9-LEAD SIL-BENT-TO-DIL; PLASTIC POWER (SOT-157B) 


seating plane 
* eae 


ty celle 0,4 


| ~~! 2 jae 
- oe} —-l. 43 —> 


7283895. J 


12-LEAD DUAL IN-LINE; PLASTIC WITH METAL COOLING FIN 
(SOT-150) va 8,25 max ——» 


+— 6,48 max —> 
oe 
5 | | side view 
a 
an 
sc 
pw) 
E TS\ 
w 
’ a 
2,7 
2,3 
4 
22 1 1 1 ' 2,54 , ' 1 ' 
> ’ lag anise <<? — |< - oases lens a ete) 8,25 | 
me poms 0.10 , 
i fa on eg vo 17,5 agp! 
| _-cooting fin 16,9 


7283549.2 


top view 
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Signetics Linear Products Product Specification 


Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, »AA 
13-LEAD SIL-BENT-TO-DIL; PLASTIC POWER (SOT-141B) 


aes 24,4 max ae 4 


-— 19,8 > 


seating plane 


7283283,3 


14-LEAD DUAL IN-LINE; PLASTIC (SOT-27KM,T) 


+ 19,5 max : i +— 825max ——»' 


seating plane 


top view 
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Signetics Linear Products Product Specification 


Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, «AA 
14-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-73A,B,C) 
as 19,94 max as 


side view 


i 8,25 max ———> 


seating plane 


J 
| [2,54] 
max 


7273766.4 


top view 


| 14-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-83B) 


19,25 max Zz 7,47 max 4 
| hehe oA 4 y 


3,90 
40,51 max 


. min 
- 0,76 '2) 
4 


Sa} SCRA 


seating plane 


1 \ , ' [2,54] | : i 
Ch) 3] Patent Peer Piet Deed omer j | 
I | | *) a (ea 


72701724 


ae be 


top view 


, Dimensions in mm 
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Signetics Linear Products Product Specification 


Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, pAA 
16-LEAD DUAL IN-LINE; PLASTIC (SOT-38) 


+— 8,25max ———> 


seating plane 


—_—_—_——_> 
8,3 7255041.8 


top view 


16-LEAD DUAL IN-LINE; PLASTIC (SOT-38A) 


22 max 


seating plane 
eee 


—_— 
7283507.1 


top view 
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Signetics Linear Products Product Specification 


Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, pAA 
16-LEAD DUAL IN-LINE; PLASTIC (SOT-38D, DE) 


19,5 max 


seating plane 


j 
3,60 
3,15 
14 y ! 
‘i ' t ' ‘ 7 1 
+! Bess JOU Rea RE bee D 


1,73 max 
> << 


| 
lead 1 indication (either index or sign) 


top view 


16-LEAD DUAL IN-LINE; PLASTIC (SOT-38Z) 


19,5 max 


seating plane 


a oa 
3,43 
3,05 
ul y 
: H } ; : | : 
max 


a 
1.4 max 8,3 7273586.2 


Te 
! 
lead 1 indication (either index or sign) 40 
EDEN TATTLE I TI, 
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Signetics Linear Products Product Specification 


Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, yAA 


16-LEAD DUAL IN-LINE; PLASTIC WITH INTERNAL HEAT SPREADER 
(SOT-38WE-2) 


22 max 


= 


seating plane 


> 
8,3 7255041,8 


16-LEAD QUADRUPLE IN-LINE; PLASTIC (SOT-58) 


[- 8,25 max —| 


——— 22 max 


seating plane 
ig ee ts 


ww 
<@O- pom 
om 


——}—-—- 


2,2 | | 
— eee el —vl-a— lela ela —ela—l 


1,4 max 
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Signetics Linear Products Product Specification 


Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, pAA 
16-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-74A,B,C) 


side view 


19,94 max ee Fr 8,25 al 


seating plane 


ar 


7265644.8 


top view 


16-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-84B) 


19,25 max 


- 7,47 max x 


seating plane 


3,90 > 

I 1 { 1 t 2,54 ‘ ! ‘ to H 
0,65_, Stare [P emneee PEOeS (Mremeet P-emer | ema RR ~al |. _ gel 
max 7° max 7278693 


1,37 (Gx) 
Sn od 


Be ire 


1,27 (12x) 
ee i 


top view 
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Signetics Linear Products 


Product Specification 


Package Ouilines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, »AA 


18-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-85B) 


rT 23,4 max 


seating plane 


2 eee (787) aaere 


7° max 72704748 


top view 


18-LEAD DUAL IN-LINE; PLASTIC (SOT-102A) 


23,5 max + 8,25 max ——> 
8 t 
g 47 
. { max 
. 0,51 | | 
t -— T0762) 
a 
| i 
' : ‘ ; 1 (254): ‘ H ’ 1 j ‘ 
max 95 
8,3 7270173.3 
1,4 max 
top view 
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Signetics Linear Products Product Specification 


Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, »AA 
18-LEAD DUAL IN-LINE; PLASTIC (SOT-102C) 


———— 22 max ———— ee T- 8,25 max =| 
¢ nat side view 
3 f 4 Ss ‘i 
4 ze ae 
a ; 
i EEO 
| [2,54] | 
0,85 4) |g ela ol ole 2 Sil seer egnerat 
18-LEAD DUAL IN-LINE; PLASTIC (SOT-102CS) 
+ ——- 22 max — <———- 8,25 max -—-—> 
eae. —— | side view 


seating plane 
eo 


Ey * 
<a 1 


72835324 


top view 


10_ 
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Signetics Linear Products Product Specification 


Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, »AA 


18-LEAD DUAL IN-LINE; PLASTIC (SOT-102G) 


25,4 max 


side view 


seating plane 


254 Lgl ola $l a—» : j ep 


fap a SS pl 7203223. 


8,3 
1,7 max 
> Sa 


top view 


23,6 max 


side view 


| C 8,25 max a 


seating plane 


7278692.3 


top view 
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Signetics Linear Products Product Specification 


Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, uAA 
20-LEAD DUAL IN-LINE; PLASTIC (SOT-146) 


side view 


max 
0,51 
. min 
2 ras 


—>| |<{4]0,254 @] '! 


seating plane 
yy | 


y \ 
2 ba ele ele ele vino | 2H fs plan ls | |<——[762] ——+| 
| | | | | | | | 
a 10,03 
1,73 max 8,3 72839013 
> - 


top view 


side view 


7283903.3 


top view 
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Signetics Linear Products Product Specification 


Package Outlines 
FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, vAA 


20-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-154B) 


= 7,57 max ——> 


§ " 25,8 max > 
i P27ZIZA OP ’ ov hs side view 
@ 7 max 
a) ' : 
ie ! 
3 “hr i 
rw Yb ey wa . 
1,7 [ERUEG em em ere ore ONE 7 et res =| le 7,62 —l 
max 7° max 7283899 
“(7 
top view 
22-LEAD DUAL IN-LINE; PLASTIC (SOT-116) 
«a ——._ 10,9 max ——-———-» 
-+— Smax ——> | 
2 | | side view 
\ 
; 
3.4 
3.0 


top view 
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Signetics Linear Products Product Specification 


Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, vAA 
22-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-118B) 


+— 10,9 max ————» 


@ 

5 28,0 max > <+——- 10,05 max —_—_» 

i | ae | a 
a a side view 
c : mA Pp 9 TP Dp 

Pe 

S 

oe 

wn 


tI 

1 : i 1 1 ‘2 54]: 1 t 1 ' ee ‘ 

1,85| | | | | | | | | | | ~al | [i076] —_—-+ 
mete) OS |g | cg $s | ng $c sp | eg pr |e |g tg p> |g ——— p> | j<————— |10.16 

max 7° max 7276176.) 


top view 


27,94 max 


| + 11,2 max —_—_» 


side view 


«seating plane 


7278699.2 


top view 
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Signetics Linear Products Product Specification 


Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, »AA 
24-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-86A) 


31,00 max 


agencies 12,90 max———-——_——» 


side view 


7266979.2 


24-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-94) 


—_————— 15,9 max 


side view 


" i 


i<—_____——__ 15,24 enema 125$849.5 


top view 
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Signetics Linear Products 


Product Specification 


Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, «AA 


24-LEAD DUAL IN-LINE; PLASTIC (WITH INTERNAL HEAT 
SPREADER) (SOT-101A, B) 


32 max ——-- --- ----- 


seating plane 


—— 
Ww 

te 
Fw 


side view 


28-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-87A) 


36,00 max 


i <——-——— 12,90 max ----—--—_» 
ry 


10_ 
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Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, uAA 
28-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-87B) 


2 _—_—_ OB x = - — neni 
: 4 I | side view 
aae wi ofa vs 
20 
le as 
21 20 19 18 17 
6 7 8 9 70. 20M 12 
28-LEAD DUAL IN-LINE; PLASTIC (SOT-117) 
ee e+ 15,8 max ——~-—-—-- > 


gah 14,1 max - 


nd 


side view 


seating plane 


top view 
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Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, pAA 


28-LEAD DUAL IN-LINE; PLASTIC (SOT-117D) 


+— ae Cia: eae 37 max _ 
{ side view 
z q enon 
3 Yos1 
7 : min } 
sti j ox | epee 
28-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-135A) 
a 38,1 max <¢-—__—__—__—_——— 15,9 max 
| | side view 


seating plane 


| | Peers (57% 
ol 254 i el (25a) le 0 to 18° 


PLEA ENT TOT, 
top view 4 0 
ELLE OEE LOO TID AN BT EEE, 
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Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, vAA 
40-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-88) 


NO-102 SOT-88 


51,30 max 


Coo 12,90 max ——__——-», 


side view 


seating plane 


Rw 


40-LEAD DUAL IN-LINE; METAL CERAMIC (CERDIL) (SOT-88B) 


r a nrnnrnnnenrnnerenee, 54,30 max 


side view 


seating plane 
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Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, pAA 


40-LEAD DUAL IN-LINE; PLASTIC (SOT-129) 


+—_—___————. 15,8 max. —--_—____—-» 
a a I GG a a Se 
| max | 


side view 


top view 


40-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-145) 


(enc aaaaiananenaiel “ 52,5 max —-~—--__———- 15,9 max ——_—— --~—_—-» 


ing plane 


seati 


top view 
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Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, pAA 


SOLDERING 


The reflow solder technique 


The preferred technique for mounting miniature components on hybrid thick or thin-film circuits is 
reflow soldering. Solder is applied to the required areas on the substrate by dipping in a solder bath or, 
more usually, by screen printing a solder paste. Components are put in place and the solder is reflowed 
by heating. 

Solder pastes consist of very finely powdered solder and flux suspended in an organic liquid binder. 
They are available in various forms depending on the specification of the solder and the type of binder 
used. For hybrid circuit use, a tin-lead solder with 2 to 4% silver is recommended. The working tem- 
perature of this paste is about 220 to 230 °C when a mild flux is used. 


For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 um is used 
for which the emulsion thickness should be about 50 um. To ensure that sufficient solder paste is 
applied to the substrate, the screen aperture should be slightly larger than the corresponding contact 
area. 


The contact pins are positioned on the substrate, the slight adhesive force of the solder paste being 
sufficient to keep them in place. The substrate is heated to the solder working temperature preferably 
by means of a controlled hot plate. The soldering process should be kept as short as possible: 10 to 
15 seconds is sufficient to ensure good solder joints and evaporation of the binder fluid. 

After soldering, the substrate must be cleaned of any remaining flux. 


8-LEAD MINI-PACK; PLASTIC (SO-8; SOT-96A) io) Positional accuracy. 


September 1985 


(w) Maximum Material Condition. 


(1) Centre-lines of all leads are 
within +0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


(3) Only for devices with 
asymmetrical end-leads. 
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Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, «AA 


8-LEAD MINI-PACK; PLASTIC (VSO-8; SOT-176) 


SS 9,0 max ———> 


———_ 12,4 max 


7290349 


top view 


ad 


¢ 
0.7 
0.6 ats ate 
r 4,25 135 
au ’ 
Lech 
> - , 
0,7 max | [e[o2s 
27| 


me 


top view 


top view 


Note: 


Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, vAA 


16-LEAD MINI-PACK; PLASTIC (SO-16L; SOT-162A) 


7203896.2 


Note: 
Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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Package Outlines 


FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, vAA 


24-LEAD MINI-PACK; PLASTIC (SO-24; SOT-137A) 


7278696.6 


top view 


‘ 


28-LEAD MINI-PACK; PLASTIC (SO-28; SOT-136A) 


Note: 


Dimensions shown are metric units (millimeters), except those in parentheses which are English units (inches). 
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Package Outlines 
FOR PREFIXES HEF, OM, MAB, MAF, MEA, PC, PN, SAA, SAB, SAF, TA, TB, TC, TD, TE, »AA 


40-LEAD MINI-PACK; PLASTIC (VSO-40; SOT-158A) 


[+ 8,0 max ————> 


15,5 max 
er > mi <————— 7,6 max > 
ocr (enon a gee 
aC) ma —= 

NOU oa max max "| 
—= 4 0,15 4 
3 
0,15 


Shem + 


—_——— 12,3 max ————> 
72852964 


0. ! max 


top view 


40-LEAD MINI-PACK; PLASTIC (OPPOSITE BENT LEADS) 


}+——— 9,0 max ———+ 


(VSO-40; SOT-158B) 


u 
| 2,35 2,7 


max max 
f t 
; 
= —_———- 12,3 max ——___—_> 
7286950.1 
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Signetics Linear Products 


Sales Offices 


SIGNETICS 
HEADQUARTERS 


811 East Arques Avenue 
P.O. Box 3409 


Sunnyvale, California 94088-3409 


Phone: (408) 991-2000 


ca 


Huntsv 
ae (205) 830-4001 


ARIZONA 


Phoenix 
Phone: (602) 265-4444 
sore they 


Canog 
Phone 7318) 340-1431 


Invi 
Phone: feo oe 8980 
(213) 588-3281 


Los Angeles 

Phone: (213) 670-1101 
San Diego 

Phone: (714) 560-0242 


Sunnyvale 
Phone: (408) 991-3737 
COLORADO 


Aurora 
Phone: (303) 751-5011 
ee 


Brook 
is "003 775-6888 


FLORIDA 
Clearwater 

Phone: (813) 796-7086 
Ft. Lauderdale 

Phone: (305) 486-6300 


GEORGIA 


Atlanta 
Phone: (404) 953-0067 
ILLINOIS 


Itasca 
Phone: (312) 250-0050 
INDIANA 


Kokomo 
Phone: (317) 453-6462 
KANSAS 


Overland P. 
Phone: 3) 469-4005 


el a 


Glen B 
Phone! G01) 787-0220 


MASSACHUSETTS 


Littleton 
Phone: (617) 486-8411 
MICHIGAN 


Farmington Hills 
Phone: (313) 476-1610 


MINNESOTA 


Edina 
Phone: (612) 835-7455 
NEW JERSEY 


Parsippany 
ene (201) 334-4405 


NEW YORK 
Hauppauge 
Phone: (516) 348-7877 
Liverpool 
Phone: (315) 451-5470 
Wappingers Falls 
one: (914) 297-4074 


NORTH CAROLINA 
C 


“Phone: (919) 481-0400 
OHIO 


lorthington 
Phone: (614) 888-7143 
OREGON 


ortland 
Phone: (503) 297-5592 
PENNSYLVANIA 


Horsham 
Phone: (215) 443-5500 
TENNESSEE 


Greeneville 
Phone: (615) 639-0251 
TEXAS 


Austin 

Phone: (512) 339-9944 
Richardson 

Phone: (214) 644-3500 
CANADA 


SIGNETICS CANADA, LTD. 
Etobicoke, Ontario 
Phone: (416) 626-6676 
Nepean, Ontario 
ignetics Canada, Ltd. 
Phone: (613) 726-9576 


REPRESENTATIVES 
ARIZONA 
Scottsdale 
Thom Luke Sales, Inc. 
Phone: (602) 941-1901 
CALIFORNIA 
Santa Clara 
Magna Sales 
Phone: (408) 727-8753 
San Diego 
Mesa Engineerin 
Phone: (619) 278-8021 
CONNECTICUT 
Brookfield 
Kanan Associates 
Phone: (203) 775-0494 
FLORIDA 
Pompano Beach 


V/G Sales 

Phone: (305) 971-0900 
ILLINOIS 
srr pec 


Phone: on “$85 1131 


IOWA 
Marion 
Rep. Associates Cor 
Phone: (319) 373- 0152 
KANSAS 
Kansas Ci 
B. C. Electronic Sales 
Phone: (913) 342-1211 
Wichita 
B. C. Electronic Sales 
Phone: (316) 722-0104 
MARYLAND 
Columbia 


Delta III 
Phone: (301) 730-4700 
MASSACHUSETTS 


Needham Heights 
Kanan heanciates 
Phone: (617) 449-7400 


MICHIGAN 
apy ea tale 
nc 
Phone: 33) 42 0203 
ghee da 
Eden Prair 
High Techaolo Sales 
Phone: (612) 944-7274 


MISSOURI 


ah wie 

B.C ic Sales 
Pine ati 291. 1101 
NEW JERSEY 
East song al 

Emtec 

Phone: wat 4780600 
NEW MEXICO 
Albuquerque 

Power Enterprises 

Phone: (505) 298 1918 


NEW YORK 
Ithaca 
Bob Dean, Inc. 
Phone: (607) 257-1111 
Melville 
Emtec Sales, Inc. 
Phone: (516) 752-1630 
OHIO 
Cincinnati 


Stegman Blaine eee Inc. 
Phone: (513) 729 


Cleveland 
Stegman Blaine Marketing, Inc. 
Phone: (216) 331-4474 
Vandalia 
Stegman Blaine Marketing, Inc. 
Phone: (513) 832-2488 
OKLAHOMA 
Tulsa 
Jerry Robinson and Associates 
Phone: (918) 665-3562 
OREGON 
Hillsboro 
Western Technical Sales 
Phone: (503) 640-4621 
PENNSYLVANIA 
Horsham 
Delta Technical Sales Inc. 
Phone: (215) 443-5503 
Pittsburgh 
Covert & Newman Co. 
Phone: (412) 531-2002 
TEXAS 
Houston 


OM Sales 

Phone: (713) 789-4426 
UTAH 
Salt Lake City 


Electrodyne 

Phone: B01) 486-3801 
WASHINGTON 
Bellevue 

Western Technical Sales 

Phone: (206) 641-3900 
Spokane 

Western Technical Sales 

Phone: (509) 922-7600 
WISCONSIN 
oe 

Micro- 

Phe ond) “542. 5352 
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atoleseg 8 
n, Ontario 
ech-Trek, Ltd. 

Phone: (613) 564-0049 
Pointe Claire, Quebec 

Tech-Trek, Ltd. 

Phone: (514) 697-3385 
Rexdale, Ontario 

Tech-Trek, Ltd. 

Phone: (416) 674-1717 
Richmond, B.C. 

Tech-Trek, Ltd. 

Phone: (604) 271-3149 
DISTRIBUTORS 
ALABAMA 
Huntsville 

Hamilton/Avnet Electronics 

Phone: (205) 837-7210 

Schweber Electronics 

Phone: (205) 882-2200 
ARIZONA 
Phoenix 


Schweber Electronics 
Phone: (602) 997-4874 


Wyle LEMG 

Phone: (602) 249-2232 
Tempe 

Arrow Electronics 

Phone: (602) 968-4800 

Hamilton/Avnet Electronics 

Phone: (602) 231-5100 
CALIFORNIA 
Calabasas 

Wyle LEMG 

Phone: (818) 880-9000 
Canoga Park 

Schweber Electronics 

Phone: (818) 999-4702 
Chatsworth 

Anthem Electronics 

Phone: (818) 700-1000 

Arrow Electronics 

Phone: (818) 701-7500 

Avnet Electronics 

Phone: (818) 700-2600 

Hamilton/Avnet Electronics 

Phone: (818) 700-6500 
Costa Mesa 

Avnet Electronics 

Phone: (714) 754-6111 

Hamilton Electro Sales 

Phone: (714) 641-4100 
Culver City 

Hamilton Electro Sales 

Phone: re 558-2121 
Garden Grov 

Wyle LEMG Computer Products 

Phone (714) 891-1717 
Garden 

Schweber Electronics 

Dict (213) 327-8409 

ar 
rrow Electronics 
Phone: (415) 487-4600 


Irvine 

Anthem Electronics 
Phone: (714) 768-4444 
Schweber Electronics 
Phone: (714) 863-0200 
Wyle LEMG 
Phone: (714) 863-1611 

ntario 
Hamilton/Avnet Electronics 
Phone: (714) 989-4602 
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ee oo ine mee ae MASSACHUSETTS NEW MEXICO 
yle chweber Electronics Alb 
a Phone: S16) 638-5282 Phone: (305) 927-0511 en Cop Haniton Ane eos 
. Palm Bay hae (61/) 657-5170 one: : 
Hamilton/Avnet Electronics : 
i anon. Electronics Schweber Electronics Arrow Electronics 
Shaded eg tlt Phone: (305) 725-1480 Phone: (617) 275-5100 Phone (505) 243-4566 
Phone: (916) 929-9732 St. Petersburg Woburn NEW YORK 
San Diego Hamilton/Avnet Electronics Arrow Electronics Buffalo 
Anthem Electronics Phone: (813) 576-3930 Phone: (617) 933-8130 Summit Distributors 
Astin orang le Winter Park | Hamitton/Avnet Electronics Phone: (716) 887-2800 
Phone (619) 565 -4800 Hamilton/Avnet Electronics Phone: (617) 273-7500 East Syracuse 


Hamilton/Avnet Electronics 
Phone: (619) 571-7510 
Schweber Electronics 
Phone: (619) 450-0454 


Wyle LEMG 

Phone: (619) 565-9171 
San Jose 

Anthem Electronics Inc. 

Phone: (408) 946-8000 

Schweber Electronics 

Phone: (408) 946-7171 
Santa Clara 


Wyle LEMG 

Phone: (408) 727-2500 
Sunnyvale 

Arrow Electronics 

Phone: (408) 745-6600 

Hamilton/Avnet mec 

Phone: (408) 143- 3355 
Tustin 

Arrow Electronics 

Phone: (714) 838-5422 
Woodland Hills 

Avnet Electronics 

Phone (818) 700-2600 
COLORADO 
Aurora 

Arrow Electronics 

Phone (303) 696-1111 
Englewood 

nthem Electronics 

Phone: (303) 790-4500 

Hamilton/Avnet Electronics 

Phone: (303) 779-9998 

Schweber Electronics - 

Phone: (303) 799-0258 
Thornton 


Wyle LEMG 
Phone: (303) 457-9953 
CONNECTICUT 


Danbur 
Hamilton/Avnet Electronics 
Phone: (203) 797-2800 


Schweber Electronics 
Phone: (203) 748-7080 


Meriden 

Lionex Corp. 

Phone: (203) 237-2282 
Wallingford 


Arrow Electronics 
Phone: (203) 265-7741 


FLORIDA 


Altamonte Springs 
Schweber Electronics 
Phone: alt 331-7555 

Deerfield Beach 
Arrow Electronics 
Phone: (305) 429-8200 


Ft. Lauderdale 
Hamilton/Avnet Electronics 
Phone: (305) 971-2900 


September 1985 


Phone: (305) 628-3888 


GEORGIA 


Norcross 
Arrow Electronics 


Phone: (404) 449-8252 


Hamilton/Avnet Electronics 
Phone: (404) 447-7507 


Schweber Electronics 
Phone (404) 449-9170 
ILLINOIS 


Elk Grove 
Schweber Electronics 
Phone: (312) 364-3750 


Schaumburg 
Arrow Electronics 
Phone: (312) 397, 3440 


Bensenville 
Hamilton/Avnet Electronics 
Phone: (312) 860-7700 


INDIANA 


rmel 
Hamilton/Avnet Electronics 
Phone: (317) 844-9333 


Indianapolis _ 
Arrow Electronics 
Phone: (317) 243-9353 
IOWA 


Cedar Rapids 
Hamilton/Avnet Fy a 
Phone: (319) 362-4757 


Schweber Electronics 
Phone: (319) 373-1417 - 


KANSAS 
Overland Park 


Hamilton/Avnet Electronics 


Phone: (913) 888-8900 


Schweber Electronics 
Phone: (913) 492-2921 


MARYLAND 


Columbia 
Arrow Electronics 
Phone: (301) 995-0003 


Hamilton/Avnet Electronics 
Phone: (301) 995-3500 


Lionex Corp 
Phone: (301) 964-0040 


Gaithersburg 
Schecher Electronics 
Phone: (301) 840-5900 


MICHIGAN 


Ann Arbor 
Arrow Electronics 
Phone: (313) 971-8220 


Grand Rapids 
Hamilten/Avnet Electronics 
Phone: (616) 243-8805 

Livonia 

Hamilton/Avnet Electronics 

Phone: (313) 522-4700 

Schweber Electronics 

Phone: (313) 525-8100 


MINNESOTA 


Edina 
Arrow Electronics 
Phone: (612) 830-1800 


Schweber Electronics 
Phone: (612) 941-5280 
Minnetonka _ 


Hamilton/Avnet Electronics 
Phone: (612) 932-0600 


MISSOURI 


Earth City 
Hamilton/Avnet Electronics 
Phone: (314) 344-1200 
Schweber Electronics 
Phone: (314) 739-0526 


St. Louis 
Arrow Electronics 
Phone: (314) 567-6888 


NEW HAMPSHIRE 


Manchester 
Arrow Electronics 
Phone: (603) 668-6968 
Hamilton/Avnet Electronics 
Phone: (603) 624-9400 
Schweber Electronics 
Phone: (603) 625-2250 


NEW JERSEY 


Cherry Hill 
Hamifton/Avnet Electronics 
Phone: (609) 424-0100 
Fairfield 
Arrow Electronics 
Phone: (201) 575-5300 


Hamilton/Avnet Electronics 

Phone: (201) 575-3390 

Lionex Corporation 

Phone: (201) 227-7960 

Schweber Electronics 

Phone: (201) 227-7880 
Marlton 


Arrow Electronics 
Phone: (609) 596-8000 
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Hamilton/Avnet Electronics 
Phone: (315) 437-2641 


Hauppauge, L.I. 
Arrow Electronics 
Phone: (516) 231-1000 
Hamilton/Avnet Electronics 
Phone: (516) 231-9800 
Lionex Cor, op 
Phone: (516) 273-1660 
Liverpool 
Arrow Electronics 
Phone: (315) 652-1000 
Rochester 
Arrow Electronics 
Phone: (716) 427-0300 
Hamilton/Avnet Electronics 
Phone: (716) 475-9130 
Schweber Electronics 
Phone: (716) 424-2222 


Westbury, L.1. 
Shweber Electronics 
Phone: (516) 334-7474 


NORTH CAROLINA 
Raleigh 
Arrow Electronics 
Phone: (919) 876-3132 
Hamilton/Avnet Electronics 
Phone: (919) 878-0810 
Schweber Electronics 
Phone: (919) 876-0000 


OHIO 


Beechwood 
Schweber Electronics 
Phone: (216) 464-2970 
Centerville 
Arrow Electronics 
(513) 435-5563 
Cleveland 


Hamilton/Avnet aoe 
Phone: (216) 831-3500 


paten 
amilton/Avnet Electronics 
Phone: (513) 439-6700 
Schweber Electronics 
Phone: (513) 439-1800 
Solon 
Arrow Electronics 
Phone: (216) 248-3990 
Westerville 
Hamilton/Avnet Electronics 
Phone: (614) 882-7004 


OKLAHOMA 


ain lity C t 

uality Components 

Phone: (918) 664-8812 _ 
Schweber Electronics 
Phone: (918) 622-8000 
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sales Offices 
UTAH Ville St. Laurent, Quebec INDIA _ 

ay Salt Lake City Jralaghit es sas shard 7 & Elect. Ltd. 
Wyle LEMG Prone CaO OT aSSS jewaties. i Phone: 91-22-295144 
Phone: (503) 640-6000 Angas Elscltonics Phone: (514) 735-5361 INDONESIA 

Lake Oswego Phone: (801) 972-0404 Waterloo — PT. Philips-Ralin Electronics 
Anthem Electronics i Zentronics, Ltd. Jakarta 
Phone: (503) 684-2661 Hamilton/Avnet Electronics Phone: (519) 884-5700 Phone: 716 131 


Hamilton/Avnet Electronics 

Phone: (503) 635-8831 
Tigard 

Arrow Electronics 

Phone: (503) 684-1690 


PENNSYLVANIA 
Horsham 
Lionex or 
Phone: (215) 443-5150 
Schweber Electronics 
Phone: (215) 441-0600 
Monroeville 
Arrow Electronics 
Phone: (412) 856-7000 
Pittsbur: 
Hamilton/Avnet Electronics 
Phone: (412) 281-4150 
Schweber Electronics 
Phone: (412) 782-1600 
TEXAS 
Addison 
Quality Components 
Phone: (214) 733-4300 
Austin 
Arrow Electronics 
Phone: (512) 835-4180 
Hamilton/Avnet Electronics 
Phone: (512) 837-8911 
Quality Components 
Phone: ne 835-0220 


Wyle L 

Phone: vie 834-9957 

Schweber Electronics 

Phone: (512) 458-8253 
Carrolton 

Arrow Electronics 

Phone: (214) 380-6464 
Dallas 

Schweber Electronics 

Phone: (214) 661-5010 
Houston 

Arrow Electronics 

Phone: (713) 530-4700 

Hamilton/Avnet Electronics 

Phone: (713) 780-1771 


Schweber Electronics 
Phone: (713) 784-3600 


bb LEMG 

Phone: (713) 879-9953 

Irving 

Hamilton/Avnet Electronics 
Phone: (214) 659-4111 

Richardson 


Wyle LEMG 
Phone: (214) 235-9953 
Sugar Land 


uality Components 
Phone: (713) 240-2255 


Phone: (801) 972-2800 


Wyle LEMG 
Phone: (801) 974-9953 
WASHINGTON 
Bellevue 
Arrow Electronics 
Phone: (206) 643-4800 
Hamilton/Avnet Electronics 
Phone: (206) 453-5844 


Wyle LEMG 

Phone: (206) 453-8300 
Redmond 

Anthem Electronics 

Phone: (206) 881-0850 


WISCONSIN 
Brookfield 
Schweber Electronics 
Phone: (414) 784-9020 
New Berlin 
Hamilton/Avnet Electronics 
Phone: (414) 784-4510 
Oak Creek 
Arrow Electronics 
Phone: (414) 764-6600 


CANADA 

Brampton, Ontario 
Zentronics, Ltd. 
Phone: (416) 451-9600 

Burnaby, Vancouver 
Hamilton/Avnet Electronics 
Phone: (604) 272-4242 


a fay, ta 
amilton/Avnet Electronics 
Phone: (403) 230-3586 
Zentronics, Ltd. 
Phone: (403) 272-1021 
Downsview, Ontario 
Arrow/Cesco 
Phone: (416) 661-0220 
Mississauga, Ontario 
Hamilton/Avnet Electronics 
Phone: (416) 677-7432 
Montreal, Quebec 
Arrow/Cesco 
ee mal Se 5511 
ent 
Phone: lay 135- 5361 
Nepean, Ontario 
rrowiCesco 
Phone: (613) 226-6903 _ 
Hamilton/Avnet Electronics 
Phone: (613) 226-1700 
Zentronics, Ltd. 
Phone: (613) 226-8840 
Quebec, Quebec 
Arrow/Cesco 
Phone: (418) 687-4231 
Richmond, B.C. 
Zentronics, Ltd. 
Phone: (604) 273-5575 


Winnipeg 
Zentronics, Ltd. 
Phone:.(204) 775-8661 


FOR SIGNETICS 
PRODUCTS 
WORLDWIDE: 
ARGENTINA 
Philips Argentina S.A. 

Buenos Aires 

Phone: 541-7141 
AUSTRALIA 
Philips Industries Holdings Ltd. 

Lane-Cove, N.S.W. 

Phone: 61-2-427-0888 


AUSTRIA 
Osterrichische Philips Bauelemente 
ien 
Phone: 43-222-93-26-2 


BELGIUM 
N. tbe a & MBLE 
rux 
hae 3. 012-242-7400 


ao Paulo 
his 55-011-211-2600 


CHI 
Ps ope S.A. 


San 
hone 56- 2-39-4001 


COLOMBIA 

Sadape S.A. 
Bogota D.E. 
Phone: 600 600 


DENMARK 

Miniwatt A/S 
Kobenhavn NV. 
Phone: 45-01-69-1622 


FINLAND 
Oy Bree Ab 


Hels 
Phan 358. 1-7271 


FRANCE 
R.T.C. La Radiotechnique-Compelec 
aris 
Phone: 33.1.338.8000 


sli | 
Phone: 49-40-3296-19 
GREECE 
Philips S.A. Hellenique 
Athens 
Phone: 9215111 
HONG KONG 
he a Kong, Ltd. 


Phene a 0-245121 
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IRELAND 
Philips Electrical Ltd. 
ublin 
Phone: 353-1-69-3355 


ISRAEL 
nape Electronics, Ltd. 


el Aviv 
Phone: 972-3-477115 


ITALY 
Philips S.p.A. 


Milano 
Phone: 39-2-6994 


JAPAN 

Signetics Japan, Ltd. 
Tokyo 
Phone: 813-230-1521 
Osaka 
Phone: 816-304-6171 


KOREA 
Philips Elect. Korea Ltd. 


Seoul 
Phone: 794-4202 
MALAYSIA 
Philips Malaysia Sdn. Berhad 
Kuala Lumpur 
Phone: 77 44 11 


MEXICO 
Electronica S.A. de C.V. 


Mexico D.F. 

Phone: 52-721-61300 
NETHERLANDS 
ir Naty B.V. 

in 

Phone: 31-40-79-3333 


NEW ZEALAND 
aro oe Ind. Ltd. 


Auc 
“tote "6 -9-605914 


NORWAY 
pert - Philips 
Phone: 47-2-680200 


PERU 
Cadesa 


Lima 
Phone: 326070 


PHILIPPINES 

Philips industrial Dev., Inc. 
Makati-Rizal 
Phone: 868951 


PORTUGAL EEE 
Philips Portuguesa SARL 4 4 


Lisboa 
Phone: 351-19-68-3121 
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Sales Offices 
SINGAPORE TAIWAN UNITED STATES 
Philips Project Dev. Pte., Ltd. Pes | am Ltd. Signetics International Corp. 


Singapore 

Phone: 65-253-8811 
SOUTH AFRICA 
E.D.A.C. (PTY), Ltd. 


Johannesburg 
Phone: 27-11- S14. 2362 


SPAIN 

Miniwatt S.A. 
Barcelona 
Phone: 301 63 12 


SWEDEN 
A.B. cers 
Stockho 
Phone: Wi 08-67-9780 


SWITZERLAND 
Philips A.G. 


Zurich 
Phone: 41-01-988-2211 
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Phone: 886-2-563-1717 


THAILAND 
Philips Electrical Co. 
of Thailand Ltd. 


Bangkok 
Phone: 233-6330-9 


TURKEY 
Turk Philips 
Ticaret A.S. 
Istanbul 
Phone: 43 59 10 


UNITED KINGDOM 
Mullard, Ltd. 


London 
Phone: 44-01-580-6633 


Sunnyvale, California 
Phone: (408) 739-7700 


URUGUAY 

Luzilectron S.A. 
Montevideo 
Phone: 91 43 21 


VENEZUELA 
Industrias Venezolanas 
Philips S.A. 


Caracas 
Phone: 58-2-36-0511 
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5-81 
4-40 
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4-107 
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4-112 
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4-112 
4-117 


6-13 
4-140 
4-143 

5 - 96 
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4-112 

6-18 

4-56 
5-159 
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4-11 

4-17 

4-17 
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DELINE DGS cpa shecsei aa ere et cree anid one nu igta spas beanas nadeat ep edewedes Geen rgeaaeueace aban cee eedinnenwe eeceea mes 5-149 

AS Sef dy | So ee em eo ane See Re Rae ey Pee er ee ee ee ere eee ee eee reer 6-130 

Rd oie an oethed eee neon ltaomnBrxtdie dete ns Sn odna lone ean wagemuieencdenmncn Gu deateueonaseonatantauboessanemecrsueeene 

SG1526A/ 2526A7 S520P9 os sosccecesascnaiaditentngsatawouas odan anne sudiisienas ned a nmawns Bae sce S eee weseea cud exseetacauasGeaeien 7-48 

SG SOLA a Se cine sare atte wie cuca d otewiiaaa ade ge aac neaiwes wugeninnd Cad un Wuug Seon wns Aen Tone sae NOU EA Seana aa ee algae 7-52 

TBAT 2OU wis sccuecicccdsdinwniecivsanux sate acnerdtewsea nacesoexeceus st uers Ges uadtasuuedeetsecadduusetebpcugsadenneseatvenseeeWeusaeans 8 - 148 

UGAS2OB.D + csawaretinwuaceaniecnesa Seno ncowu sie oncade tia vieccais atdue tans uae ens ant wane udas nag aang ued beans aananenanaGe unsaid 6-73 

TAOS 200 vi vi ceebiviseerncceciiccckiieckeewsctcscceededasvedecvbecusasaneucw aceasta desaevenaycaveussecieasdswadasiedeasbesneueduads 5-91 

TD ATOO TB BY isisce cessed cocwscennncctvesivisdiescesexceundruscehdstentecdcnancasscuenacnteeevauennvecsiscctswsavertetanunaienaes 5 = 135 

TD ATO TOA: cic ceca care nex ctcaaetaetsctevesenecsnuscaesiechueiusvucdes eva cuvacrduwesss Un deunibanesasuseones sneer suemimennoanaawanes 6-8 

TOANOISA cacesesictescctcdenedaancctccdactasndeveunwamusa bar cunsadeae aise cuasteedeasiiedeseseeusteavaateraanantacnes wadcedwaneuesnes 6-90 6-20 

T DAMON ssicccsiiicsaviccwtaniaincndvecedseicesdaveeseasarisetsavescaedcunswiaspescgesciedapenseisacuenleaa tas tweeninewiacecseewuane 6-24 

TDA VO20 eaves can cuca cnawdacaciin soreie acdsee Gand Gis ddan casmcannebanad vob guseeticouneescseqiasans hea songebarcdaseueuespeetsens 6-34 

TRA 1028 css decsvccuibcusiccavinontcs le Sead eeduesle use taaie ieaisee eee aan es addins cath assis aaa aaa eiets 7-62 7-32 

TDA ORG revissicncdcduscuvsctecstwenteceissicceecsswansusndesdaveeisecatind est sduan eeceunws Chu en'sesgeuayscasedueScwassnacinmesenss 7-75 7-45 

TDA NO 28 ccc cuaia cceascivciouccevensssensseapestuss cudsnawsciuasetesebecseeiweisaulisnaheensabnedsNagusnsausenweenee cusses seyeeeeeese 5-11 

PDA NOT OA weds cesivnenuraraveiatvaweccane cocdienie ddan vardceunshesnesesdeatsacsuntwnvssuncepeceteusertenscacuscowmeneowsertewanawess 5-94 

TDA VOT GSA viene tcasncencceeivcscics chadepiubedscwessthinetecsedaacsbueneeuevdssereaieadas ac kelegatensbvdeda suey vase eveedenuueksanteess 5-42 5-24 

TDA TSG sisiicccbevcdinciseccrccaer icicle nemasetavacutats sn icuudsd eedudecstaceeeds ist nuasviuguausubatessecgseneccivusensMaveudsereneed 7-6 

TDANS 10 ocncccesuccsnepacdsaunwsvewctieles coca iecctauctcutssvsaudasiuvestvaredsenssataneuaavas wedeasenanancurssesemssesesniaeddesueas 6-39 

TRA U5 isis ceceecsicitiwwecsaniddecad ides tain class saecietaend verdsaed si danwiWacesdansetacauatinne sh ccsudsdeuSecnsshecaweasteanerane 6-45 

TDA TOUS wu criedincs vacances wav wanelvden setts cunuieaneagt cotasiasds outentua Seeteweacekacecenncwasaaeaueeins ee enmesceusnsneaniueyeas 6-94 6-51 

TDATS OR iiccnciicccncasnscutccsnacsnscantecicdewiaisusccdddacawieshsisasechuspedetsinesgensevistecetnerssisewinsducasivuecvaseyeas 6 - 100 6-57 

TOA 1522 deivncrecccidecousvs vanddncweterscedcwnyaadadecudcsadsancacasen ve deassesddccedebadd sense ss smesebiacuyaemendusis cyesuesesuaes 5-51 5-33 

"EDA TS 24 A i icccicstcuscccsvinneivadutdewemcandades vacues Wedd abendnssientesseteusSeacequsnceuuwcwshaus cenoeubihereyansedubieasdeusens 5 -60 5 — 42 

TDA 154 oiiceednccicescns Vewsntdvcesisuasupdinustactadsowsecvatesactvedseesecisiadesecsuconeauedvecsv etanudwedssccutwbanediasmesans 4-19 


TDA1 BS eset t cel wees ewe xenis'eaue'e ceWanua ne sacGas'ucoie ceeds cuanivadacescscssstacscebieecedd ocettecedeuvwcsacusoweeseuesceedetere 4-176 
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MOATSQOP. D ssecvensvecsvecntderevcuvcatsccants cite extdndwinsnacsdedeessenuses ges sGunsesens een spenseaecddeu cseevennncucteresestsees 4-98 4-63 
MDP S69 sc ches tac wuecsdipawdaca weuwa as aneunstesuwselpnes diac wade egonew aaceube en sedese tues uemeaiewseawananewcnammdenine vanuaees 7-17 
DANSE pease scatestsa ay ondedinaehccivced cdawidnestadsevauteaceudos serene cones aaensaanuss peuweunvend exeawene bawseues seaceeneenawes 5 — 144 
TBST occa sesd ci wastecds sav sr semen icpceasaars atansass ees on nan sean vav one causcee dams vanawainwe vans capandgeha neces daeaabu cena caus 5 - 148 
WD AAS7G aces vcusancesausnmsiccdian sca nevaweunmn sue vowaauens aoa Giawautn ive deungmonudxnewadecancuanenataucemneudendsutavassvaneavsueess 5 = 156 
PDB VOT OAc aciserssceeusaceuuccramy seas twos usens cas cove bun tons iuwe dans venn oes anyoes ap uadeweaneneaseds ga eedeceekuuuanasieeaneiaertens § - 53 
TDANSSG cxcis evens iicsacenachonedsunds cachavevecenresenan santa sdenatennassekanise sxacvasnueseseausecensucsnauseessannscaguecauine § - 167 
TDR Q50 TF oisei tense reserarecass ye daaisy adie dis bine sdewieGaSnubieawes gunedsvanssedecead sus aanteceiacaestGstobeeuncdeasPeneasen@acenss 8 - 240 
TDAZ54O sccvetasscswncGucnanssielisrwantewent webs gow na waged egies Aagaa OapuNG aaa dnnambeageNsadi ans ecmeandaN i iueseaecanvasanucnsemeones 8-51 8 - 105 
TDA 2544 teccucccics sinacenstavandavsSeasvoneuawendonveucensdeevasusewacensdinrsd secunae cause aucun eenuauebaseacscwsousesenseeunnaebeak 8-59 8-114 
TOBA 2 545A i viis ve aiwocets ve ateoiderayecndet cua senctenentncasseeonewewncsckaeeue tadeccndies wavaewanndanvens base snetnensasweceeseeaeert 8 - 153 
TDA QD4GAS sirivessooercuuvsaeredwasavanvenasewtaceaddeussuse ws ve ceeauesecs ected tau seeauee sue wns aaneeaundeseacseuneneeumerseweesens 8 -67 8 = 154 
OPO Oss ccnnvcnas ciacunsenecns en as sa ensustereseaca sve anue ees amecnansiaae sense ear niieawauien cn veckoinesecswoneeuae sevennaeewens eas 8 ~- 159 
WORZ51 CA sits caesiiinas sovncscisdaguncndsncenecedcsnsanenteunseed sean ceate yeti sencavecsuas pabimowns teadagunceanse wee esautasteeeenes 8-72 8 - 163 
TDOABST BA sooescicnacaddensasgpiiecey ecudaudtvnncowartgesdalsedscwadsesanenausenge odes see eeaues dnoratwasssGseeseasckecsesceueeredss 8 ~ 86 8-177 
NDA 25 78 oc iicetuwidgistianioncesdceas tense tnnsgeeddcaes sucuernenansaeeswsek onde seas das aclete vate tee sweat vanedene vapedousensecunes 8-191 
WO BRQ598 ssc nsecesiaads ocdaas ied ese ce vacabisa te cence eae decease donedemmeans deweea sactausteeen anes vousewatatesedwar eae oabensenaneeneees 8-100 8 - 194 
WD A254 a siieiscs iene eativadiaitnsccuntedesteues ue inctayareaddenaaveraccnsewnns vawa tus cate aoeceabuntaenbawsuiocpedencceaceapeontnat 8-107 8-201 
OOS vis ceiccscaisenviiergetaadedaalvanssevu clan sdhevesuanseusd tacuse dates ccupeaeadovereuveasiensaneesseevacdousnasdecuscreeulese 8-114 8 - 208 
WDA 26 TTA os. ocesecrsveusrcecscenccsusseeycdecwewensueteeasaces swans nécaneaes sane agicsvaueanGesaatwunelép wow cusewnaeaasmoneuneeyee’ 6-63 
TOA 2ZG5SA: reiceiaewitaceviaeetedevessteedscunetdasdetal duaduiccussdoce datos cudusvesteuaeantscdnpdssudunsutad costahasteacediuersess 8-123 8-309 
TRAST ss cccnsizcccacecrccnccicvessivenwerestaacasuexecaschauasavincavads paaceausasececsueapeiveusiedstaancmiesssedeneduesceeuasenue 5-121 5 — 254 
TDA BO4B iv eiscisiein ccccsncckvaes vaaeGas tewevsadeus euch oueasneeendce evn cwacl pebamdesawnbauaeane ius chives séaaeseekeuyenswasancwsauaces 5-127 5 — 260 
WD AS 50D was cacecnwisnosusnsnssmancisacieeddcaverdicsceviaseuaunsnavasssuedewinnn segs enue leakstadievesaudedyaciseeskersnasencenieune 8 = 245 
TVDASBAOI A cc eek acct iece ce yecies cate teuuhs oo tga tadad aioe an acalen Mares veacouas nul Pane abe eeuan Sueee ances eae ateneaenas ees 8-131 
LDA SOB AAG ides coves eae cies anucbaniccnsvanboretecee se caeeass seues vet caesasdan teneedespwanawass sia esacch eats cunt ouwauenacounboaent 8 - 253 
TDASSGS a iiiedd scenes Fessecswcsvaskanstocsavetsccteobessdsadicusnnetissadamectaanueseesuticcssdtacasaseariudeadawannswiatessedinecans 8 - 269 
TOA S564 ric iclickcesesshuriensonanvnceitony cdscceevadan tp scubigevcsadeedebavssees dad vassdbedsovaendidnguehosenesseausseaabvasoncenss 8 - 279 
TDASDGG sisis tes circu icacivarsece eter svascacciusinndorsdeuwenteatiwes decal consi scnseuGesues vidweremedavouvasasss Cusecuqeaeutadeeuns 8 - 288 
TRASOOVALAG) ss lsezcscchavsiutcnveus haantuet taensdbgavareennenantdeuuad retieidedestelohaminaenla tiseudords ieee eeshtandytauaeeey 8-141 
WDASG5S1A/ AQ/ S658 cos essere leaves eiwcnciaios sat es uaeceteseetsicunssaawesoouvenwswoateaseaadettedasasaehecelecestecscanurs 8-317 
WDASGS? os cavexiasicocetudieasveankvanssawiecteganwediesecvenatecsueenUelewdn ed suiwevausadees net tquecaasguadacsuiedecussadensdéwinuee 8-149 8 - 325 
MW DASG698 coscrscecens ncn eesceu tc cnachcatudscuccdusaduarteeneusecaraabes sea Gagecapelsdcausacdedcbaasvenniedscsekelcasssusd secaesense 8-330 
"EDASBOG: icaieccvesisttasntce cet ipeucsadebarnactbu ses ountaniie sceweeeiesseioicnearauewansay cesaaeiuiiuctsaneieteduacuaaieatuaausecs 5-67 
TDASBOT: wii va ctisscadeaveveuds sasseiecna satus «ied stadnuvacsevesndetunccea seed enerssdeudedestatsassendesaqnanstecdiasuessiuicenendaud 5-69 
TDASB 10 sist accccuves iencausetassasesshacanecenevads cesqaisissycduvousnuivstuedvabnantadvahasewnieebuceenssesevinedseucsaseseueunes 5-71 5-71 
VDAG504. cccndica vest ccencusccnswiiessndsdeasavedsaesnsseses ists tawaw Sau nsasnseenssbbescndedanshawhhasdiaaneeseneuseaabuiseiNnkeande 8 - 122 
TDA? | ccesvnnwtiendeacinviesk vencuadssdetacaspwiwisetiaiiusensu een tewtensustoaveatwouene wie herseeatsntcawicanacetseiasuesieenness 8 - 135 
TDAASOS caricias sever ausdaeen deus iainricscsadetatiececseccuandatcanecuseel sevacusducaddensscucasgacneeisedueelpoensesuesnanedanes 8 - 154 8 - 137 
A955 7 5G eine casincsraes ence ciwetivecsnvediucd saneaiuns secu wiwkuayeraledea vad ipenesesumauedsnGuniewnenDesiasesai@eeduseuwesenbe 8 -— 289 
DAS ss ccssiey ecivitecosactsassudawesedavesmnessawenvacd saadackaudusanvewaes seuss Wisecisauinaestedcouse tanauennevensmentaneauens 8 ~ 165 8 - 297 
TD AASBO  iatscoucertinecccveretsendesiscuaieclscdswcun seat endeanws obusaterecevarseubes tuadebanwaaenepeessenaccaev ease teasaeseneds 8-304 
TDA O 30 oi verccisicerivccwwersnieninnsing duivewatepanndabaecuat aus teulaoaieaatehacnaweveneanseeaudes (ies bahecsunentauabssseyeuuenane 8- 102 
TRA 100: iscacbeciecredonuinsudiessnsdwaws nawhcnusindssel reais auaiwereisusaesesatndrnsaauedsvanesanssbecdesesneuneeserentinedduues 5 - 86 5 — 169 
TDA TOIO LC soencsvenues Wecadradavectutnaitneuncevsandcyastedocenain tacuwdus ca ncuubensiena dans coussnalanesiantsabesasatestennnsaede sas 5-91 5-174 
TDATO20T odiveascevasecorissntaceiwaracasiapoascsssdwacaeweccsseWieueet st taausdwiccsseummasbpLeanenededsnesesesdsneetsesrageeeetbas §-179 
TDAZOS0 8 icseuteiwenisind svcrcisweveredeensccwadeesskcudscdsiwesccsacapewsuetenscueewe li eieea cu scoueuieieeawcsvewndaksswuaeanedonene 6-72 
MDD 1042.0 h0ris Vinwncpetdatnadedatunssieanteestudussensnaesead qcuetwauusesaseus hel snacd cedavacavastesaniawemautucueouapenmannnetas see 8-103 
TE A110 Vicia ceiaas wnat canta cundae a ed rec tate oe ean cele eaea We acta doe sod eect esta rues eiaieresaeaseds oevescedtintess 7-59 
TE ANO 12 ivicvvsccndetinns vencdecaseneatccaneuetenadscusebeuacilldwisuainatesncipausiedesseseroladedaaviseesucnsaenssedeetuacadenwntus 7-24 
ANG 4? vecvoss arenes eiiwiacedetetesacedae cinaaruaroawenwencssswiekacaseaceeauscueanoedaavals bunstaeneDbebweeweslilensivewssunuasecy 5-378 
EP IO4G: incisive wes Seagate pid eile ac aecaee Dacau eal save win tins Shae utadenesldcouieaedbiNasedbiateseaenaseussedNereentisaustecceemaves 5-172 §-391 
WEATOOG T csssvudictediatucisassacwancesriabansszaverceadsvens caaastcewaxcawleaaecnsdabwachesssaneassreansenss samadereneessenuekees 7-64 
"FEA 1060/64 oi. cccirnnstiavesvesaesucusiaotes anne vi ceeaaan dan maxndedwtenaecieseadsdutesseudvereceiwevdeabanceswbedundiubaseanwawes 5 - 404 
TEAUOGT a iitecseccscciane cig iadent syudiaccnaducssunaced cageccwssssadedieveatuseduwencaeuwcdasnsbacuweruces seuseiesuacaqtabusdeceuewas 5-418 
FEA N07 5 iiisnwanstaneevestossanacwiceweadecn teed stecwus Ca rieness Ruedscaverneatudddetemucdusbesscsbuaussictestadssuavennisisusscesass 5 - 420 
WE ANOGG: ihe ciecatebiveseccocastusecaisadiatevaneukaendeccee punts cvecswass tenon acct sciet sdaaauevaccassavdanmseatdbenaNaseewsaane 5 — 431 
"TEA 2000. secadcree nyc ivewdua ds Weurewe rin waveusdalcnsuassasion dadeca des Gach ve deest SeemeedeWeesavebwessaseuveastWnedwssabesguneswasa 8 - 307 
TAO ascii vo reek societal ais wags ta Cendeicndveds pie ede ibits Touwaee eine cow ecawieauuasksevasveusepepenedearateesobacesseeseuiweaes 5-110 
TEAS 5GO0 So cscrtecsckeesceceedteeee me Sa voacietudavaus od aad donde ddunctesaeuauainvendaas ede usenss cunts ewe auesebaeucsedcaundedem bene sens 5 ~ 185 
TEADDLO Sic cencsvcaueacccccaustunaceveneyewststcnites ctwusan cathe vides tess dcseeuevenens bisuaa i ouseunedsouudepnis séeeneVsneninoes 5 - 122 
TE ASSO care cnc ceciivnhickweaust cea stucceeckeciaieuwsenuceaueddteeus eee dahdnuewaednanvancqens vans seusieuebaeuccesaceteausdsencseme 5-77 
TEAGOOO asic cose tewcesevnsvendecaaementavedusstatauceutetsceweasscbusdsdatpadaensecvuscabdeadnekdsdinsuenaesenssaniatebegtvntaueds 5 - 197 
PRO NGS sive rssete sex eeph oe ee atua chee scanatice teantendcciue Weaveasansoundaad anes padduee peudusudnawennesswanseueepucesasteecenweds § - 683 
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AT AICI SAT LSC schrchet sass ve porate ecsne ate reste bari lugetatee ee are cua tea a cnet ar esate asta ast eld aaa eee pads 7-57 

OPTS OE OS 52315 vata asevace on hace ins uate nasil seuss eco sac kedeaCod ean dude ide ne aagihs ca duae acaba ana Sel ea ae ehe ae 6-137 

PATENT TALGLOA IB NG cassie Hess cepigcien edie ae ad Subse en aiend ete peas Teen Bit oh Gun aa A Ree a a 6-79 

PPT ETITET CLOATATL S ez iencaaacaacean vented eatin ua Panel diet olge Caecne iewisdaiiona Nags ou COSC Oi a Wh eRe G AS ENED EAT EE 6-84 

PPT IS ai cSercsescenuecyetindiedahessspoaisaou te keer de ut aaeeaieawaer rae Rencu as ceatelohon piuseae cee sas eyasetbig sie sioeieisauate ess 5-77 

WEN 2008: co ttearicaaseltisatued edntnd oe newbimuaceeee ouceenleny a ciaudawawecewned ase alta ear eve veda ts iaieawe tausabacnegeageuen setameasne 4-208 

WEIN 2004 scerdenik etuatecs ccomaceninentaneeiecaduataaseudacseretiekel desi hedtace si tssuaceur naa dee edsepateddelaseedsageaewetebest 4-208 

PUN TOO cite cntng Pca te es cece tctua oui dhe wabean nae Raw vena apna Meas ugh er see ua smnwdee sini oauelod Aeaeaebe noha Naan te Uae 9-3 

PINTOT oi stt crenwine tintin awe haticdabs eines atiers shag cot nceaeee ye uaen tea pcanaaa ee mule awed tyadauaen see temiaeesahousnenees 9-8 

PINTO Bieri ht honed tence sae Geta rua cen nba tae nus tance weptaltantendeasainuaiaiee tate canis Get bnecamtiwnd deca other auhasenauts 9-15 

IN TOG i232 sccucesinbaiceatenaneotavud its up caat tes thea saversta neneseaasuite pau es scab ie buihenaad ace tmaeub eaaneusaGeiadasaceasenseneanys 9-16 

POND a's cdaletie cian avg eae monw aa Ramune blak eEaue ian pie owls Sitarea mate tieadonle Le vem ede pousouen thn antes aeeevaauegae bak evaame 9-17 

BANV1O sg sa vvecanciccdabcissidiseusauscsarasweWassctuccstadsescinwdassdesteensvsddnsvauscasuouuscssacetauaselsebeucdeccusemavsadeuionssts 9-3 

PINT 2 esc cscstades ie arituseasivattepbaskwhnen vaekbandpln oeseale tas oa eth etansdy Qlestaseedusmuaeunudeavart ner avedadieeareaeat oie ana eens’ 9-24 

PANT V 8 vite cetcncceundod decnaeuses es niinet aouh ewer cunts eiudaune acaadicdede cudadans venice eedor cau caiwade vaeoed caaeene gle cekeewewes (aes 9-30 

PONTING scseacctavoteesastncepetacatcen meee dd dossier concen natan take ecnieaeek ee aeatandas leaachaven tine aumeriad a sndoneunmadiete 9-33 

PANY TS ete a etch e eke ate she Sousueta race tutweme cud boneivuws velatcende tid sotdte dunia auch icdvea sents dua tel etietentenconaaaet 9~—41 

BINT 1D civadn sw viictatawsnccsessdsicdsnteeiindede diced caveeeuausuvecdeseswesuasseucdshwGdsacgcassbunueskeuies sdieudesingernesesetacs dues 9~ 147 

PONV 20 ad scrtovue cehevar tere wann tit ote cm eparbmeua tere uan tate keawnreae se einai suas Ube vawaite seuss Usdaea uumtaen daNosaayos iaaecans 9-237 

PRINT Vins cre raabh Seal sta law whpiehares oecyac onigusen amen menmalnceceh ens abet rans ede aetoutaly wiee doaan eloeier trea ns anesunascateaa ees 9-242 

PINT 22 siete bier tnothuk Paa ceteris lew be vena iw das Reade nt eed Ohad cn eae iale even dy Aven aalenot drneane aaah as aa tad nadianis 9-243 

PINT 2S rehseCoteeriateadeda inci Senta hers meaab vanes lean win te culewcinn si ocala Den diate xdes Malawian eed auadeMersserpbed zea canemiess 9-245 

PNA 24 sorties Cres pace ts edit astvawaaliusnn te ilecadeasas ie youd nda Vugd evade cop eb OPE KESSAS Sa WSe ees Maka owina ea ameaRuaadnsee Kes esaeee sian 9-249 

PINTS wires wie ldnicincial end cclvekcieee tveedanicdesecvewnauriens coupes scuck tess uncenduwectaddetdcaaaubucddedawoskyetamadidcsteaseasenean’ 9-174 

BINA 26 ea iuticuninatnn egodassnaeGass redaesaaayen a adseeiweosumbeedana nash ontuasocmadasaeesd cosa asecsame Gun eennatedemeauaes eedes 9 — 250 

BNA E views ehacewceeaiernn pada dscwaadiaa We ceba sed so uebiss wdueceaue chs deatanwnce sae cowwedesoukaleveseuakssabanavesnseGiseauesar sancti: 9- 184 

PNG raved Se desea nied dhnese nce oct cudddcwancseeudenni ca tacddveuscansudtenieseontvus secedancsucaws sede tummansauseasscanemnamcune 9-189 

PANY 28 sees he veseceaictes cisie cwtmitescccs saaucetdaeaucsauddsancuseeudesanSaansaveleessenecdses¢eebecspout vwntsacaseusssndeneds 9-197 

IAIN TBO isons taniccGcce ct aciedincdawieeadenehaccerevieee nose cidios ccoewadw ue Waccsiae iis bales SMe de saislene baawenusacaddsatduceedaatessedeeceds 9-213 

INAS Viccetas sa senes cocacie ieee weber em cared lon a deemed on Soa oh wear pea eae tease Gti cee aan cua heeieonsess 9 - 252 

PINGS eaten tase tee dar rete Sse tek eo aa sbi scan enh av oan Seas bead See EOE ae alse ea ny dan bass coe ema ea ea nee SF Seeaeaulens 9-254 

PON TS sarc sess sod eeewina veh aetna et aoccenadne sae os Woe cantons bowae outer a pans dnauen been euy onan cabot spans esiaatanuias Gen aemaaueeee ties 9 ~— 256 

PINT OG oss ave ce eewa chsotils Meta wao Gaines aes is slau erG aatea eas Vame ce cteeaiez sale aaa ee mapee nls aie eee eue vans bees eee ee een Quetaaaaes 9-261 

BINS acca dines nents tite ce canas eawaatansecdendcnndbieelreideatoaienseadndivaienstadavhearsdmaens oneuedansaadannaensacnseneanenenenan 9-219 

PIN VSG sense cedk ie ewes tocaacnnsce i cnc bade dan veten cdi codiawenswbauWenantde seieeatuslocet abe Kceeebaedey saueoubwe shuuchbeeNeseenense 9 - 233 

PINTO cuid dan seccntsiaweacwet sevaprawesuceeusydesuswstaavaninawab epbuuibencsvessunesuvcuueredacannen viustengeersuescineucwaseeewianna’ 9- 244 

PIN TAG oct i oa ncertcoe ete bie saa cita taa bee eaten tures wn eg dary Fate pea os aaa eo ewes teens arc e eee 9-231 

BINA oc cca ahe caters wee ete es oars o sla Scion dn a ee ve bee a emp eeb wee mw SAR ats te SRR ee eas 9-226 

BINA A 2 acca Foie drach epchine araunsredas ive St gd rile hd S94 Eee RUD eR INA HAS GL La DUE LG Seamed Paae era ee tee hatin eitine anes 9~—192 

PON GAS oa ssrecicna ted ccee be cine ta saeseoar essen sewae he ina sthus bud ery ondshanicendoheaeue ben tede eanae erase guaege menadne tis dedi ouwten 9-200 

PNY GG or yesh ecae bene ems ee eee eae Ged ues ener ww nan Ed OR eae aoa do encreran ena ayined 9-208 

PIN rae edie kts wd eats tna eee ates Piso No ig BH Le Seen Ca Aaa Lege S aeee SRR mpeeaad ee seadiene Coemest nea ete onan 9-21 

BIN TAG Fe ioisipoieciecceaciadcen Vee wes ducieadudaaaenvabes daedadeusasbadatestsdeadneedasexse disses saaaeavuunesksseksasnvausasvacewessey 9-163 

PAIN 1G vi vavavercicoerecevcsenucdvaddedeuacesetesteue eveeenconeuwesdsaseunauedessunspeduneds sasseasveneddacbeanteasyeeeenssusuesdenses 9- 167 

BN VAD id ccccisstaag scvaiecsmecesnanevbuecsmussrclacid seuouts waceudaduavaucsadavedsesesequancuaedlesdeveatsacedepenadeamensuseaues 9-170 

BINT SO os shas heise esa duat aoa choot a eetouar eas cana vam ugk Coediecann secana aaanesingaa a ewbau eee an aaceas ged eetash anerap eames 9-203 

BING 54 ess rincuZeccaustais ectstaet oh Sah ca stintn densa do dgaaabes cen Cogn adoielos atcha nt senhaanecaaeenetainsansauta te menyadsamandies 9-204 | 

PIN 162 vcisniescedcssciccictcuseiciovstuevecenceascaceteaudandsadsodssousneiencedssteabacedeaveoseeduvasadumiuimpadiesmevieawevcevaauue 9-127 

PANT SS wicsisc Fish cosine oeieasteaaiedeaecarsccsccsrewnscesidiccwdcveevaveduanasevendeetedaneerteossu sntasauskuesssueteseusenectsnaewetees 9-136 

BINT G4 ses cece e ha sycai ai sd nn sk autienbudeweb iad SuvuseabsewadevaswacsetencawedueisnesesyaededsionaneatactswaasbabenseNesactas 9-141 

BN 155 i cdo viscicicccendshinessvowerdan ce vacdswecsinncaud oo anc hansss ax bu daddebancou einen stanenaccandedevetenssdastedsRGewaswewedewause 9-254 

BAIN 15G 8 oiainckcnshtcewecis Sac etaesiew siventi saad ccaneieecaudezedecddasedisge sdadwatastanusederstagbbcsSsauantuesdesoaubacsandesussss 9 - 267 

BIN15 7 cvcvicecectsiscctcnedecscescceuscrenvsdeswiinennddineecseddectsdsaieccedacntedpenensu sed teucNeqesoanessceedesisunessestecnewesns 9 - 280 

BAIN 1G wi wis occsiiwe cecceciannctananaas reese sevdles ccuncsvdacasansewansdenccdentnsmavendibtesssceseaeieunVenuteNeusinussuSweusiveeaeess 9 - 284 

BAN 199 i scskvicccndccunavncenncatcnwecnedcande cidulaaductbabadetesdeudcsisnavass ness ntetseus onoaeccuusiueieds staawecetas tasuecucaessaves 9-289 

PANTO ves caaiccaaiiececadvena yas Weed dena veuecachemeuesenaiee nde enaae sauna dias vsaleis vos ta ghalees Sheas dad peeuidesnnaatinn coneeamentateues 9 - 205 

AIN1G 1 on scncccscccasscnacssncccncccessenscasenusccssbesesduecscsndcascucesataccwnoudeuctensecsensesnsnsaucsecesesenasheunsausnssnesens 9-295 

BN162 viicvnsicccieccveccscssvecuacssdeuendcedessiecsendvestbevecpadeeevesdeaccessedestsdeccudedsucdnesccntcctursateneeedenssssesnessns 9-300 

BIN TGS wisascavinceinenswhaviscec tsar caveensunscenncassntcudcassciusdacescavendensawesndncususnsSineedeteaeneseus ktedeantentanaswaee cia 9-35 

PINT BA rez cscreth oanuntuess ane et as hede enc ceini cued ee vane wedean uae atl etoile sud eateba at ase eer daaieeni@anmidiehe cstielmend ee ees 9-217 

PIN Ghia Seis su tdewobacc teen tane Seta at stele uae Lanatetyuascn oarea kd tana ica dina cn ees (invita eaumenenenmusans hay b eaWs 9-181 

IN 1G6G acer htececana eset eacauien Cataatacure et cys eaiied mas ediconly a ecavemidamdengs smguetaa eur Senge ane anemee Maaeo wwnrsaeonsa 9-188 

PING vvciniivdcnsvcnsatents seccc exe denenndccdecncdwedecataieve cus ananiaxieswens Osan daceaotiteseou sa ctaousnasacceWdedicncavancndiecsees 9-60 

PINTO asc adcmeiete tomer tunesstidedawit ace Seas kes a atone ebh apes ara eedaemee eta ee wien aa dearaeiverseaehiac tie! 9-57 
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Section 12 Full Linear Product Line and Forthcoming New Products 
VOL | VOL Il 
PIN Wig eee ea aout eso lae coi yds wie tae dasa adie nay cine e tad weadawa ate i ancead tained ei eunae Gamamao aaa en eee tae eseaneen tak Sere 9-74 
PAINT 2 wiicccniics ccanvciccendevcsevedcenunaedscacsesavenssceduecavectuavanncncpgancuansanacaess cceceuustaneuedeaenesvaenlaeeesenteesuds 9-112 
PINTS huiircincnt craxdeacduaditeccaataden tiswnd anceanmanndesavines cuevesewsueden tad ouencinadusctarsbecsswaneneesedsccawssuamenaneees 9-114 
BINGE eae e es santana aah Mos gas ana aw tu nasiisa s Wea ace nt etee a Rou e eee eee ore deus sae eeiada katy can seer eens 9-156 
PIN UT Sisscciiscssiriicen thes sc cacuind Seve ce pease pwlatan ea aasieneeucina pene ack wesw au etek esa kaleduan anes aaatea sande vere tide eeaeotwon es 9~ 165 
PIN VLG aoe cca oles ales feu tak wate oa Gee nerve Sas is vo We ede alas ho ice gue Wad Nd paca vs aaa nc a daddies de enruee Kee 9-166 
PIU ieee Nes Seas ade eiow cpt ca a wean eaeeo Aedes Pepa ie aa Leiter Op ee toad Dae 9~—79 
PIN 0 sora Ses excteeessasgh ek chase chek oan aoa wa Aas Cha even AU oe NRA Ni De HOHE NAA RAS a aad CaaS Gea A Ne eRadaetedbe so eaaa ule 9-84 
PINT Og esis ir ss acter a vied ce een Bcsloe be Renna wena edleau Ue balanS ealpw clea Cota eh @inaaedeahawe ovoeaueannen en deceuntisaieneens 9-100 
PINTS ois coe baie een ectnleaded we wachantah es Canc aeannaencaace aoaaine gree tea endananaul Rene otetaaeesan om knees daguesse oes taeemeumeneue 9-105 
PITA aie sip acclik sere tia daca ce bio aia GS a UE SECS ERIC cineca oa DE a a 9-110 
BINS 2 sive ccretbaiscctataes vehiconeyankoiesdawentarecphamanvan aces nieena aun weave tlaasun Sus tananeuaataeavacesactate ss Oranameaneieatuens 9-112 
PINTS esccccprcey each eae Baas eae ou Nee ews a elo Seas dws ae ba Re weak ass aiken i Sinan Ce dead ad eeeeeuees 9-121 
PNA ih sla a ad en cehenscaiachrnaie catenin bale ta me PA Ee OG de wees ig ea sna Ak aia pasa Peete tases tat emaeets 9~—125 
PINS eee cee vatican oe Stun od cicada deaaaaeuce oh haecctonneaialeda a ctda aaa eg aah ie oe ae tel ea oer eee ee ees nae deena: 9-128 
PIN UGG coc csaten insane ties tyavereae dbaeauanay aad eur even sees baves euied ule bite daken saw sata venaeuebuaee vanaals daxeateunandecis inden sekelae 9-129 
PIN UBT ee Circccicnth eo einads Pavetavawsan th teiadc cteal ciaananewnes aesatnsSbane aya cdteesabe coriusuntea meat stank aye encaauseaqxvorsedions 9-132 
PIN UBB es saad hae cae te io ie acne ataeaiedrctng Haba Daman Enea eae oe Sates da Lua tare asiew eonate and euuse sis estos Relea tna avoeae 9-137 
PAINT GG ono seid aioe sdarecieare wile nla said a parmbrest hea ese taxes aa Gata aa Dnen edna Laces dane seh aaa a cea ane eeneuan cei cended caune capes 9-140 
PINTO esi evinces aie avniec tnd taslow bak Sap wa Se Hace Gado va sale kae onde saveu was demaba eRe tia Reed aae ben Lcudene tote Rees 9-145 
PINTO xe eons ctl ccicomcteceauntaawataneesel ec ss woes cata petiu tau Ga aa ie Ea Mad oa ana Daisies amine onan tememe Ebi a pm neon caes 9-148 
PINTO! assed ciscdchsecncnauecduwouey acustestiea sameuedaauwe vasa es cubecsssgosudubadesaeescat dauuedsacebuideuaSeevessuueoanadse coisa canned 9-84 
PANT OS aves cca sitios sacveaccvsunseveustanee cuvspuucsvavenearewsaciwarsandecechebeusWebatovedetceddendevnissds veandevsenseachiapeues 9-96 
PIN NO4 oc dacucecanessccaccuasdysesacubas sence vasectassecussusecanneveddecncansvesdedseqesancedawes piewaiiateouadCoadeunaueusvieevats 9-118 
PINT OS esravaiiiavesitcera caer Tacpasuteiwiaaciacsieaeyedevates iphedacennantans Min wada lene eases iewel iuapet ye bverenDiawaaietates 9-173 
PAIN 19G desis erecci ene vacen led siucunstesseeticccncdecenendidedendeesucasstuesaseceuscieaseeviicisv aul epbeaievuawsedbesudesseveeneces 9-65 
PAN TOT cscccuicasccwisicn acenks ccuscenistdcantecsadssstnecsseucedeasulanvascavesneebesgnetsenteeretaussuvescesdyeevacedecassenecesace 9-73 
PINGS isiaicuszidcervcsccssvensuoutaaswessennactuaswededecsusunss seu@sseedetenteakersandsesedesantaus rencdeunieneaaunwaeusdeuseerees 9-10 
PAN 199 iiiscaeiacasvvnsassivawsatesvcsducistedssweuvsutesuasdanvaavsnsavebsanmecsws sdawauseigeuus suewsnwes eduaseccsuuseeasresseanuenines 9-14 
PIN 200 iio reaitute Aicvecucariavdaeseuasssvoucs Gauvasueensacenecatantadscuadeackuesacdsdneteapoedbiscguandets ueenisteaseciierenasunueaty 9-24 
PINQNO veiaidccccstensagcadie dies sovsncccadevecdasciuessisaievevesseuductastabesndeccsasssuacdaverwesdusctnscwetsstcceessincssegsesiees 9-305 
Forthcoming New Products by Product Group 
Amplifiers 
NE5260 Voltage Controlled Amplifier 
NE5212 Fiber Optic Preamplifier 
Communications 
NE568 150MHz Phase Locked Loop 
NE575 Low Voitage Compandor 
NE5050 Power Line Modem 
MC3361 FM |.C. Processor 
interface/Data Conversion 
ADC0820 8-Bit High Speed CMOS A/D Converter 
NE5060 12-Bit Accuracy Sample and Hold Amplifier 
NE5082 Ethernet Transceiver for Local Area Network 
NE5105 12-Bit Accuracy Comparator 


Power Conversion and Control 
SG1524C/2524C/3524C SMPS 
$G1525/2525/3525 SMPS 
$G1527/2527/3527 SMPS 
SE/NE5563 SMPS - Improved NE5560 
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